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PREFACE. 


This book is the outgrowth of a series of articles prepared by 
the author for the students in machine shop practice at the Uni- 
versity of Illinois ; some of these articles having recently been 
published in ^‘Machinery.” An effort has been made to treat the 
subject in a clear and comprehensive manner, carefully avoiding 
all unnecessary matter and presenting to the apprentice and 
mechanic many points pertaining to the tools with which they 
come in daily contact, and about which the}^ are oiten unable to 
obtain all the information necessary, in order that they may use 
these tools correctly and efficiently. 

In treating on the various classes of small and machine tools, 
the author has endeavored to bring out much pertaining to the 
construction and care 'of these tools, as well as upon their uses. 

The importance of the machinist having at least a limited 
amount of information on the subjects of Fastenings, Gearing, 
and Belting and Transmission Machinery has prompted the addi- 
tion of chapters upon these subjects. 

The author wishes to acknowledge his indebtedness to the 
publishers, the Industrial Press, and the tool manufacturers, who 
have so kindly assisted him in getting together many of the illus- 
trations and tables used in this work. 


March, 1903. 
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W. FI. Van Dervoort. 




INTRODUCTION. 


The correct manipulation of metal working tools comes per- 
fectly natural to many of our young mechanics, and they easily 
become expert in their use. It seems to be born in them, and 
they make good Avorkmen no matter how poor the tools with 
whicli the}' worlc and liow bad the instruction they receive ; but 
where one such man is found there will be a dozen others who 
•can acquire the necessary skill to be called good machinists, only 
after careful study and close application of the most thorough 
instruction. The time required to accomplish this will depend 
entirely on the man and the conditions under which he works. 
Under favorable circumstances two to six 3^ears will be requireci. 
The more the apprentice reads and thinks the more quickly will he 
master his trade. Every apprentice should be a regular sub- 
scriber to at least one good paper treating on the subject and 
should READ it. He should never fail to look over the advertising 
])ages of each issue, as these pages constitute a perfect index of 
progress along the line of his chosen occupation. The reading 
will create thought, will broaden the ideas and put the young 
man in a better position to appreciate what he secs and hears. 

The young machinist must keep constantly before him the two 
requisites of a good mechanic — accuracy and rapidity. The first 
he must acquire, and if he would succeed in these days of close 
competition, he must couple with it the ability to produce such 
work quickly. He should, above all things, train his judgment, 
having it continually with him, and should learn as quickly as 
possible the strength of the materials with which he is to deal. 
This will come more by experience than by calculation and let 
good judgment and common sense aid in making the experience 
bill low. 

''Observation is a great teacher.” Therefore he should jcarii 
lo observe, noting carefully the ways in which the skilled me- 
dianic performs his work. His thoughts must be kept contin- 
.tally on the work in hand, studying ])etter and quicker ways to 
lo it. He can gain the confidence of his employer in no better way 
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than by strict atteiition to his work, careful observance of all 
regulations pertaining to the management of the plant, and a 
sincere disposition to do at all times his very best. He should 
be perfectly free to ask questions ; sensible ones, as the other kind 
will injure his cause. He must be cautious about making sugges- 
tions as they are usually not thankfully received. When 
foreman gives precise instructions as to how to perform a ^ ^ 

of work, the instruciions must be followed to the letter, e 
thottg'h he thinks he can do it in a better way. He is probatif^^ 
wrong, but if not the opportunity to do it his way will come soon,' 
and in such a way as to please rather than provoke, by proving 
the better method. 

Pie must learn to take a hint, as the foreman may at times 
suggest rather than tell him that it would be best to do the other 
way; and above all things he must not have to be told a second 
time. It is bad to duplicate accidents to tools or mistakes on 
work, and especially so when previously cautioned on these 
points. 

He cannot be too neat and orderly, not only with his tools and 
Avork, but in his personal appearance. 

The young mechanic should never lose an opportunity to visit 
other shops, as he will be sure to get some good ideas from them. 
jMore can often be learned in some poorly equipped, ill-man- 
aged concern than in a shop running under the most perfect sys- 
tem, as we are often more forcibly impressed with the how not to 
do it, than with the how. A careful perusal of the trade cata- 
logues issued by all the leading machine and small tool builders 
cannot fail to be of A^alue, as in those catalogues will he found 
many excellent cuts, with description of tools, and often valuable 
hints on their manufacture and uses. 

Mechanics who learned their trade before the introduction of 
modern tools and methods frequently fail to appreciate the im- 
portance of their making an effort to familiarize themseh^es with 
the nicer points of detail of the later small and machine tools. 

The successful working and tempering of high grade steels 
and the methods of grinding now employed have been the principal 
factors in the successful manufacture of the. many excellent small 
tools now in use. Better tools, better methods, better workmen 
and the best of mechanical ability have evolved from the ill- 
designed and inefficient tools of but a few years ago the excellent 
ones of to-day. 
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Maiw mechanics, both old and young, fail to appreciate the 
finer points in a good tool; they fail to realize that every line, 
curve and angle in its construction represents the most careful 
study, and in most cases have been arrived at only after years of 
experimentation. 

In taking up the subjects pertaining to machine shojD tools, 
their construction and uses, two general subdivisions may be 
made, small tools and machine tools. Under the head of small 
tools may be placed all hand tools, measuring tools, cutting tools 
used in machine tools and jigs. The subdivision of the work com- 
monly performed on metal-woi'King machine tools may be briefly 
outlined as follows : 

First — Turning and Boring; as performed in the lathe, screw- 
machine, turret-machine, vertical boring mill, etc., in which the 
work is usually made to rotate to a cutting tool or tools which, 
aside from feeds, are stationary. This operation usually pro- 
duces curved or circular surfaces, both internal and external, but 
may, as in facing, produce a plane surface. 

Second — Planing Operations ; as performed on the planer, 
shaper, slotting machine or key-way cutter, where the work is 
given a straight line motion to a stationary tool, or, as in the 
three latter types of machines, the tool is given a straight line 
motion over stationary work. In the former case the feeds are 
given to the tool while in the latter the work usually receives one 
or both of the feeds. In the case of the traverse head shaper, 
however, the tool is given both feeds over perfectly stationary 
work. 

i nird — Alilling Operations ; as performed on the various types 
of milling machines where a rotating cutter produces ])lane, 
curved or formed surfaces on the work, the latter usually receiv- 
ing the feeds. 

Fourth — Drilling; the forming of circular 'holes in solid stock 
by means of a revolving tool at one operation, the tool usually 
receiving the feed. Drilling diflTrs from boring in that the latter 
term applies to the enlarging and truing* of a hole already formed. 

Fifth — Grinding; these operations involve the miioval of metal 
and finishing of the surface by an abrasive process, the material 
being ground rather than cut away. The unwersal and surface 
grinding machines correspond with tlie lathe^nd planer, a rotat- 
ing wheel of emery or conmditm taking thA place of the cutting 
tool in the latter machines. Grinding {.)]i^alions, although ncce: 
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sarily slow, make possible the accurate linishiiig* of the hardest 
metals. 

The scope of this work will not permit going too much into the 
details of machine tool construction. It is, however, hoped that 
the principal points of construction and methods of operation may 
be brought out clearly and in -such a way as to aid the young' 
mechanic in quickly becoming master of the several classes of 
machine tool operations above enumerated, and suggest some 
thought for the older mechanic. 
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CHAPTER 1. 


THE HAMMER AND COLD CHISEL. 

The hammer and cold chisel are a noisy pair with which the 
apprentice becomes acquainted early in his shop experience, and 
his aching arms and battered knuckles tell of the introduction 
The machinist hammer, as generally used, weighs from three- 
fourths to one and one-half pounds, exclusive of handle. It 



is made of high-grade steel, carefully tempered on head and 
pene and usually of the form shown .in Fig. i. The eye is left 
soft as it will, in that condition, better resist the shock withoid 
clanger of cracking. The head is usually made c\ lindrical \\ ith 



',«.a- 5 lightly' crowning face. For the ball pene is often substituted 
■ lhc'7traight pene. Fig. 2 , and the cross pene, Fig. 3- The pene 
is usivl .almost entirely for riveting purposes. The eye should 
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be enlarged slightly at each end : the handle can then be fitted 
in from one side and wedged to fill the enlargement of the eye 
on the other side. Hard, smooth wedges are not suitable for this 
purpose, as they jar loose too easily. Soft wood or roughed metal 
wedges serve the purpose well. 

The handle should ]}c of straight-grained, dry, second-growth 
hickory, twelve to sixteen inches long; depending on the weight 
of the hammer. The handle slioiild not be too stiff in the shank, 
as too rigid a connection between hammer and haml causes iiikIuc 
shock, and consequent tiring of the hand. It should he so set in 
the eye that its length is at right angles to the axis of hammer 
head, and its long cross section parallel with this axis. 

The face of the hammer should be kept true and smooth, by 
— c-areful grinding and polishing. Should the edges become chipped 



a good smith can dress and retemper the head, making it as good 
as new. 

In its use the hammer should be grasped near the end of the 
handle, giving it a free arm swing and carrying the head through 
a nearly vertical plane. If the plane of the swing approaches a 
horizontal the weiglit of the hanirt^n* will produce a twisting 
effort on the fore arm which will be vei*y wearing. The handle 
should be grasped with only sufficient force to safely control the 
blow. 

Machinists’ cbld chisels, for ordinary shop uses, are generally 
made from seven-eighths or three-fourths inch octagonal steel, 
and when new should be about eight inches long. The flat sur- 
facing chisel, as shown in Fig. 4, should be dressed about diree 
inches back from the cutting edge. The flats A A should he 
plane surfaces symmetrical with the sides of the octa'gon. The 

/ . fkT 
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thickness of the bit at C should not exceed three-sixteenths inch 
for ordinary work and can usually be made somewhat thinner. 
Care must be exercised in the grinding of the facets c c. The 
angle of their faces with each other will depend on the hardness 
of the metal to be cut. For the softer metals, as copper, babbitt 
and lead, 25 degrees to 30 degrees will work well ; for brass and 



:eig. 4. fig. 5. 


cast iron, 40 degrees to 55 degrees ; and for steel, 60 degrees to 
70 degrees. The smaller this angle the more nearly will the center 
line of the chisel approach the plane of the work and the greater 
will be the cutting resultant of the blow. It is therefore advisable 
to make this angle as small as the nature of the work will permit. 
These facets should be ground straight in their width, as shown 
at A, Fig. 5; not rounded as shown at B, as in that case the 
facet would not form a guide and it would be found difficult to 



make a smooth, straight cut. The facets should also be ground 
at a uniform angle with the flats, thus bringing the cutting edge 
parallel with the flats, as shown in end view at A, Fig. 6, and 
not as shown at B. The cutting-edge formed by the intersection 
of these facets should be at right angles to the length of the chisel. 
For smooth chipping the cutting-edge should be slightly rounded 
in its length, as shown in Fig. 7. When ground straight the cor- 
ners, e e, are likely to dig into the work and are more apt to break 
away than when ground rounding. 
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In forging, the cutting-edge should always be made wider 
than the diameter of the body of the chisel. When the tool is to 
be used on wrought iron or steel this width should exceed the 
diameter from one-thirty-second to one-sixteenth of an inch, 
Fig. 4; but when for use on the softer metals the excess may 
be as much as one-half of the diameter >of the body, as shown in 
Fig. 12. 

The flat chisel can be modified in form to suit special con- 
ditions, as for example, the cutting of the flat sides of a mortise 
requires a chisel the axis of which will follow a line nearly par- 
allel to the work surface. Such a chisel is shown in Fig. 8, in 
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which one flat is parallel with the length of chisel having at the 
end a wide facet at a slight angle with the length, this in order 
to be sible to guide and control the cutting-edge of the tool. 

The cape chisel is used as a parting tool, for grooving and key 
waying. It is of the general form shown in Fig. 9. In this 
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chisel the thickness at A must be less than the length of the 
cutting-edge in order that the tool can be given a small amount of 
side-motion in the groove it cuts, otherwise it would be difficult 
to guide the cutting-edge. This chisel, when made as shown in 
Fig. 10, forms the tool usually used for grooving straight oil ways 
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in loose pulleys and shaft-bearings. For cutting spiral grooves in 
half boxes this chisel should be forged with a curved instead of a 
straight bottom face. 

The diamond-pointed chisel is shown in. Fig. ii. This tool is 




II. 


usually used for squaring corners, and is generally made as shown 
in figure. 

The head of all chisels should be dressed round and somewhat 
reduced in diameter, as shown in figures. When the head be- 
comes battered redress it, as small pieces of steel are apt to fly 
from a bushed chisel head, embedding themselves deeply in the 
hand holding the chisel. 

In using the cold chisel grasp it near the head with the full 
hand, knuckles up. Do not hold it too tightly but with sufficient 
force only to guide and hold it to the work. When the surface 
of the work is difficult to get at the workman is justified in hold- 
ing the chisel between thumb and fingers, or with palm of 
hand up. 

The eye should follow the cutting-edge, not -the head of the 
chisel, when delivering the blow, and light taps with the hammer 
should not be used before each heavy blow. It will require 
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some practice before the beginner can accomplish this vfithout 
disastrous results to his knuckles. 

In tempering the chisel for general machine shop work it 
should be drawn nearly to a blue which gives a tough temper that 
will stand well on all, except chilled iron and hard steel work. 
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THE FILE AND FILING. 

A piece of high-grade crucible steel, forged to shape, ground, 
cut and carefully tempered, forms that tool so indispensable to 
the mechanic — the file. 

The file maker is no longer compelled to forge his blanks from 
stock of unsuitable proportion, but receives from the steel manu- 
facturers stock of the required cross-section to make all standard 
shapes. This reduces the forging to a minimum, it being only 
necessary to cut the stock to the required lengths, to draw down 
the point and form the tang, the latter operations being very 
rapidly performed under power hammers. 

The National Association of File ]\Ianufacturers prescribe to 
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FIG-. 13. 


the steel makers the forms of cross-sections they require. Con- 
sequently, all makers of file steel can furnish any section correct 
to gauge. In Fig. 13 are shown the ‘correct cross-sections of 
steel for flat files, even inch lengths, from 4 to 16 inches. In 
Fig. 14 are shown the cross-sections of file steel for all the shapes 
in general use. Each section is -for an 8-inch file, full scale. The 
names of the files made from steel of these sections are, referring 
to the numbers of the figure: i, “Hand”; 2, “Flat”; 3, “Mill”; 4, 
“Pillar’’; 5, “Warding”; 6, “Square”; 7, ^^Round” ; 8, "Plalf- 
round”; 9, “Three-square”; 10, “Knife”; ii, “Pit-saw”; 12, 
“Crossing”; 13, “Tumbler”; 14, “Cross-cut”; 15, “Feather-edge”; 
16, “Cant-saw”; 17, “Cant-file”; 18, “Cabinet”; 19, “Shoe-rasp”; 
20, “Rasp.” 
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It will be noticed that many of these files are named from the 
form of their cross-section^ and that those so named are the 
ones most used for general work; while the others receive their 
names from the special character of the work they are expected to 
’be used upon. It will also be noted that the stock for files of rec- 
tangular cross-section may be classified as to thickness as fol- 
lows: ‘‘Square,” the thickest; “Pillar/’ “Hand,” “Flat,” “Rasp” 
and “Warding.” x\s to width, “Hand” is the widest; “Flat,” 
“Rasp,” “Mill” and “Warding” are the same width; “Pillar” 
materially narrower, and “Square” the narrowest. 

The “Half-round” is not a full semicircle, the arc being about 
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one-third of the full circle. On the other hand, the “Pit-saw” is 
a full half circle in section. 

The “Three-square,” “Cant-saw” and “Cant-file” differ in sec- 
tion in their angles, the former having equal angles, 60 degrees, 
and equal sides, the next 35 — 35 and iio-degree angles, and the 
latter 30 — 30 and 120-degree angles. * 

The length of the file is measured from point to heel, and does 
not include the tang. The tang is usually made spike shaped to 
receive a plain ferrule handle. Some makers modify the form 
of tang to fit patented handles. 

As forged, the blank for a “Pland” file. Fig. 15, is parallel in 
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thickness from heel to middle and tapered from middle to point, 
making the point about one-half the thickness of the stock. The 
edges of the blank are usually left^ parallel. They are, however, 
sometimes drawn in slightly at the point. 

The “Flat’’ file blank, Fig. i6, is parallel in both of its longi- 
tudinal sections from heel to middle and tapered in both sections 
from middle to point, the thickness of point being about two- 
thirds, and width about one-half that of the stock. 

For the “Mill” file the blank is parallel in thickness from heel 
to point, and usually tapered to about three-fourths the width 



. mG. 15. TIG. t6. 

of the stock. The “Mill” file is often made blunt — ^that is, of 
equal width and thickness throughout its length. 

The blank for the “Warding” file is tapered in width from 
heel to point and is of uniform thickness. Aside from width, the 
“Pillar” file is similar to the “Hand” file. The “Pillar” file is also 
made in narrow and extra narrow patterns, the extra narrow 
approximating a square in section. 

The “Three-sc[uare,” “Square” and “Round” are also made in 
slim and blunt forms. The “Slim” is a file of regular length, but 
smaller cross-section, and the “Blunt” of equal cross-section 
from heel to point, being either “slim” or regular. 

After forging, the blanks are thoroughly annealed in annealing 
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furnaces, the operation taking from twenty-four to thirty-six 
hours. When the blank comes from the furnace, it is twisted 
and scaly, and must be subjected to a straightening process, 
after -which the scale is removed by grinding on very heavy 
grind-stones. The blanks are next draw-filed to make them 
perfectly smooth and even, after which they are ready for the 
cutting. 

Files are classified under three heads — “Single-cut,” ‘‘Double- 
cut” and “Rasp.” The “Single-cut” file — or “Float,” as its coarser 
cuts are sometimes called — has surfaces covered with teeth made 
by single rows of parallel chisel cuts extending across the faces 
at an angle of from 65 to 85 degrees with the length of the file. 
The size of this angle depends on the form of the -file and the 
nature of the work, it is to perform. 

The '‘Double-cut” file has two rows of chisel cuts crossing 
each other. The first row is, for general work, at an angle with 



FIG. 17. 


the length of the file of from 40 to 45 degrees, and the second 
row from 70 to 80 degrees. In the “Double-cut” finishing files 
the angle of the first cut is about 30 degrees, and the second from 
80 to 87 degrees with the axis of the file. The “Double-cut” gives 
a broken tooth, the surface of the file being made up of a large 
number of small, oval-pointed teeth inclined toward the point, 
and resembling in shape the cutting end of a diamond pointed 
cold chisel. 

In the rasp the teeth are entirely disconnected from each other. 
They are round on top, and are formed by raising, with a punch, 
small portions of stock from the surface of the blank. The ma- 
chinist seldom has use for a rasp, as they are intended for filing 
the softer materials, asnvood and leather. 

The regular grades of cut upon which the coarseness of a 
file depends are “Rough,” “Coarse,” “Bastard,^’ “Second-cut,” 
“Smooth” and “Dead-smooth.” The “Rough” file is usually 
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single cut and the ‘‘'Dead-smooth” double cut. The other grades 
are made in both double and single cut. These grades of coarse- 
ness are, however, only comparable when files of the same length 
are considered, as the longer the file in any cut, the fewer the 
teeth per inch of length. This is shown in Fig. 17, where a 4- 
inch and 12-inch '‘'Bastard” file are placed side by side for com- 
parison. 

The relative degrees of coarseness for the different cuts are 
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shown, for the “Single-cut” in Fig. 18. and the “Double-cut’’ in 
Fig. 19, a poi'tion of an 8-inch file being taken in each case. 

The value of a file depends entirely upon three things — quality 
of stock from which it is made, the form of its teeth and the 
temper. The stock should be of the very best, as tool steel is 
seldom put to any use where its lasting qualities are more severely 
taxed. 

As to the forming of the teeth : It is only within the past few 
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FIG. 19. 

years that machine-cut files have come prominently upon the 
market, it being generally believed that a file to be first class 
must be hand cut. In Fig. 20 are shown portions of two 14-inch 
flat “Bastard” files; of these one is hand and one machine cut. 
The difference between these cuts. is so slight that only an expert, 
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with the files rather than their pictures before him, could tell, 
with any degree of certainty, which was the hand and which the 
machine cut. 

Up to the time of the perfecting of the increment cut file, the 
great trouble with machine-cut files was in the perfect uniformity 
of the teeth. In a hand-cut file the width and spacing of the 
teeth depend entirely upon the skill of the workman ; and no 
matter how carefully he does the cutting, irregularities of a 
thousandth of an inch, more or less, will occur in the spacing 
and in the angle at which he holds the broad chisel that forms 
the teeth. These slight variations will cause the teeth to be of 
uneven height and irregular outline. These irregularities are 
now very faithfully reproduced in the increment, machine-cut 
file. 

It is difficult to make a file’ having teeth of uniform height and 



FIG. 20. 


outline, as in the case of the ordinary machine-cut file, lake 
hold of the work. The reason for this is that so many teeth 
present themselves to the work surface that the workman must 
exert great pressure on the file to make them bite. With the 
file having teeth of irregular height, fewer will come in contact 
with the work, and the pressure required to make them take hold 
will be correspondingly light. As these long teeth wear down, 
the shorter ones will begin to do work ; but the file will, of course, 
not cut so freely as when new. Again, in using the file with 
teeth of uniform height, it will, when pushed to the work, pro- 
duce, at the start, grooves which will grow deeper as the file is 
moved forward, and, due to the broad cut, will be quite certain to 
vibrate and '‘chatter.” On the other hand, the uneven teeth of 
the hand and increment cut files, will so adapt themselves to the 
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surface of the work that only a few teeth at any particular point 
ill the length of the file will cut. The metal left between- these 
teeth will be removed by the teeth following, perhaps a dozen or 
more rows of teeth being required to finish the cut started by 
one. This is shown, for a "Single-cut” file, in Fig. 21, where 
the several irregular lines represent as 
. many tooth outlines drawn on an exagger- 

. ated scale. These teeth come successively 

to the work, and if all their high points 

were brought together they would form a 

straight line, as shown, which would be the 

' ~ outline of the resulting cut. 

' The cutting of an increment cut file con- 

sists in the forming of the teeth b\^ a chisel 
operated in a machine, and so controlled 
that the spacing between teeth may be increased or decreased, the 
same being subject to a small amount of irregularity, as well as 
a slight variation in the angle of the teeth with each other. As 
manufactured by one company, the spacing of the teeth from 
point to middle is increased, and from middle to heel decreased. 
Another leading manufacturer increases the pitch from point to 
heel. It will be understood that the increment of space is very 
small. In a 12-inch "Bastard” file, having teeth spaced progres- 
sively wider from point to heel, the pitch of teeth at heel is about 
.01 of an inch greater than at the point, which makes the average 
increase per tooth about .00003 of an inch. 

In machine-made files the cutting is very rapidly performed, 
the chisel receiving from 500 to 3,500 blows per minute^ de- 
pending on the weight of the file being cut. The blank is cut 
from point to heel, and when turned over is placed on lead stri])s 
to protect “the teeth already formed. 

After cutting, the files are inspected and assorted as to quality. 
They are then tempered, any material change in shape due to 
hardening being rectified at the time of tempering, after which 
they are ready for final inspection. This consists of trying each 
file on a piece of hard steel and making sure that it is free from 
temper cracks. They are next coated with 'oil and wrapped in 
oiled paper, to prevent rusting, after which they are packed in 
boxes, ready for the market. 

The teeth of a file remove metal by a shearing' cut. This is 
^ most apparent in the “Single-cut’’ files, where the teeth have 
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lateral length ; but is equally true of the pointed tooth of the 
“Double-cut” file. 

A file bites freer on work having a narrow surface than a wide, 
because fewer teeth come in contact, at any point in the stroke, 
with the work surface, and consequently less pressure is i-equired 
to make the file bite. On very thin work the teeth of a “Double- 
cut” file bite so freely that the danger of breaking them is great. 
For work of this character the long tooth of the “Single-cut” is 
best adapted, as its form gives it greater strength, and the shear 
of the cut is smoother, one tooth coming into cut as another 
leaves. On the broad surfaces, however, the teeth of the “Double- 
cut” have the advantage. 

A file is “tapered” when it is thinner at the point than at the 
middle, and is “full tapered” when thinner at point and heel than 
at the middle. The reasons for thus tapering a file are, firs^ 



reduce the number of teeth that come in contact with the work, 
and, second, to enable the operator to file a straight or plane 
surface. The first reason is evident ; the second is shown in Fig. 
22. If the file is perfectly straight, as shown in i, the motion 
in order to produce a plane surface on the work must be abso- 
lutely parallel to this surface. This the most expert mechanic 
can scarcely be expected to do, and the result will be woi’k 
rounded at the edges A and B. If the file is tapered, its surface, 
will be slightly convex, as shown in 2, and if moved entirely 
across the surface, straight work will result. The workman will 
experience little difficulty in accomplishing this, as he can allow 
the' 'niotion of the file to deviate slightly from a straight line, and 
stiii not cut away the edges A and B. If the file is not moved 
clear across the work:, a concave surface will of course result. 
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The tempering- is certain to distort the file somewhat, and it 
will, as a result, usually be found to have more “belly,” as this 
convex quality is called, on one side than on the other. It is 
the side having the most “belly,” and the highest part of that, 
that the careful mechanic will always select for use in his most 
particular work. This high point he readily finds by running 
his eye along the edge of the file from point, to heel. 

The file does not bite the cast metals as readily as it does the 
rolled, consequently a sharper file is required for cast iron and 
brass than for wrought iron and steel. For these reasons the 
new files should be first used on the cast iron and brass, and when 
they become too dull to work these metals efficiently, they may 
be used on the steel and wrought work. A new file will pin and 
tear the surface of these latter metals much worse than the file 
that has seen a moderate amount of duty on cast iron and brass. 
A new file will leave -a smoother surface after it has been used 
for a few strokes, these strokes causing the high teeth to give 
down a little, which prevents the danger of their scratching the 
work. 

The first dozen strokes of a new file on a tough piece of steel 
frequently lessens its cutting value as much as an hour’s steady 
use on soft cast iron, yet not seriously injuring it for the steel 
work. Narrow surfaces are exceedingly hard on new files, and 
especiall3>^ so on the double cuts, as but few teeth come in 
contact with the work, and they bite so freely that they are broken 
ofiE by the excessive strain. 

Not until the file becomes too dull to be used efficiently on the 
narrow steel work should it be used on the scale of cast iron or 
forgings, as this scale is frequently harder than the file. 

The term “cross-filing” applies to those filing operations in 
which the file is pushed endwise across the work. When in cross- 
filing the character of the work requires a heavy file, it should 
be held in both hands, as shown in Fig. 23, the end of the handle 
abutting against the palm of the hand, thus giving a good bear- 
ing to receive the thrust on the work stroke. When held in this 
manner an extremely tight grip is not required, which makes it 
much easier on the fingers and enables the workman to more read- 
ily control the file. 

When a very light file is being used on the work it is usually 
best to hold it with one hand, as shown in Fig. 24. In this case the 
thumb rests against the side of the file just ahead of the handle, 
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and the fore finger extends along the top, considerable downward 
pressure being exerted by this finger, as near as possible, over 
the working surface of the tool. 

When the file is of medium size and thin, if held as shown in 
Fig. 23, the pressure at the ends will bend it down, making 




FIG. 23. 




FIG. 25. 




FIG. 26. 


it concave on its under surface, which will cause it to cut 
away the metal at the edges, as sho\vn in Fig. 25. If, however, it 
is held as shown in Fig. 26, the downward pressure of the thumb 
will spring the file in the opposite direction, and thus enable the 
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operator to move it across the work without cutting away the 
edges. When the thumb becomes tired, the position shown in 
Fig. 23 can again be taken, the ball of the thumb bearing down 
hard on the file and the fingers lifting at the point accomplish 
the same object. Either of these methods of holding is difficult 
to maintain for more than a few moments at a tirne^, consequent!}^ 
a stiffer file, having considerable belly, is preferable on work of 
this character. 

The value of a good file handle should be appreciated. It 
should be of good size, well formed, smooth, properly ferruled 
and, most important of all, so secured to the tang that its cen- 
ter line is parallel with the lengtli of the file. Handles made of 
soft, tough wood are preferable, as they are lighter and less liable 
to crack when forced on the tang. The soft-wood handle, if pro- 
vided with a hole for the reception of the tang of a diameter 
slightly greater than the thickness of the tang, can be driven on 
without danger of cracking. If of hard wood a good job requires 
heating, the tang red hot and burning the hole in the handle to 
fit it. Care must be exercised, or the temper of the teeth near 
the heel will be drawn. A piece of wet waste wrapped around the 
heel will prevent this. 

When the work surface is so broad that the file cannot be held, 
as shown in Fig. 23, on account of the handle striking against 
the edge of the work, a surface file holder must be used. In 
Fig, 27 is shown sucli a holder. The bottom of the handle is pro- 



vided with a tapered, dove-tail slot to receive the tang, the outer 
point resting on the top of the file. Before applying the handle 
file the edges of the tang to approximately fit the dove-tail slot, 
as this may save a jammed set of knuckles. In- using a file with 
this holder, the fingers of the left hand, resting on the top of the 
file, must give nearly all the pressure necessary to make it cut. 

The form of surface file holder shown in Fig. 28 possesses the 
-advantage of giving the operator a handle similar in shape and 
pOvSition to that used on ordinary narrow work. The rod en- 
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ables the left hand to so grasp the point of the file that the down- 
ward pressure may be applied with less fatigue to the hand than 
in the case shown in Fig. 27. When the handle is screwed tight 
against the shoulder, the rod draws up on the point, thus tending 
to give the file more curvature, an. advantage of consideral^le mo- 
ment in filing accurate plane surfaces. 

Ordinarily the surface of the work on which the file is to be 
used should be held at the height of the workman’s elbow, thus 
allowing the direction of motion of his forearm to be in a line 
parallel with the plane of the work surface. This position of the 
work allows the workman’s arm to swing freely at the shoulder 
with the least possible amount of motion at the wrist and elbow. 
If the work surface is broad it should be held somewhat lower 
than the elbow, thus enabling the workman to more easily 
reach over the entire surface. If, on the other hand, the work 
is of a fine character, depending largely on the eyes and a delicate 
touch, it should be held much higher. For work of this char- 
acter the file is usually held in one hand and the high position of 


FIG. 28. 

the work prevents the fatigue incident to a bent position over fine 
work. 

For heavy cross-filing, which requires a considerable ^imount 
of pressure on the file, the workman should stand slightly back 
from the work with one foot considerably in advance of the 
other. On the forward, or work stroke, the pressure exerted 
on the file should relieve the weight on the forward foot, the 
rear foot bracing against the stroke. On the return stroke the 
forward foot should again take its portion of the weight, and 
the file should be relieved from all pressure, but not raised from 
the surface of the work. Only at such times as it is necessary 
to examine the condition of the surface being operated upon 
should the file be taken from the work, its removal for cleaning, 
however, being excepted. 

The workman’s body should, in heavy cross-filing, move back 
and forward with the strokes, thus making the back and legs 
do a part of the work that would otherwise come entirely on the 



34 


MODERN iMAClllNE SHOP TOOLS. 


arms. When the work is of a lighter character and the quality 
of the hnishetl surface rather than the quantity of metal removed 
must he considei ed^ the woi kman should stand in an upright 
position, doing most of the work with his arms. 

In cross-filing, and more especially where much metal is to be 
removed, the direction of the strokes should be varied fre- 
quently. This not only enables the production of truer work, 
but faster reduction of the metal. The file when pushed end- 
wise produces small grooves or channels in the direction of the 
stroke, and when the direction of the stroke is changed the file 
teeth come in contact with the tops of the ridges between the 
grooves, thus diminishing the area of tooth contact with the 
work surface, and consequently increasing the bite; that is, for 
equal pressures. 

In cross-filing the file should be held at quite an angle with 
the direction of the stroke, which has the effect of giving the 
file a side motion as it is swept forward. This improves the 



condition of the surface filed, prevents to a marked degree deep 
grooving and brings the file under more perfect control. 

When the surface is narrow and a large amount of metal is 
to be I'emoved quickly, the angle at which the file is held may be 
changed, as shown in Fig. 29. As the contact area is small in 
this case the bite is free. A new file should never be used for 
this purpose, as the teeth will take hold so freely that they will 
break off or at least lose their keen cutting edges very quickly. 
This is much more disastrous on the delicate points of the 
double cut than the long teeth of the single-cut files. Work of 
this character should be held close down to the top of the vise 
jaws, thus preventing chattering. 

In selecting a file for any piece of work the form and position 
of the work surface must determine the shape and size of the file 
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to use. The hardness of the metal and the amount of stock to be 
removed, together with the quality of the finished surface that is 
desired will determine the degree of coarseness in the cut of the 
file used. 

If the surface is a flat one, the hand fllej the curvature of the 
sides of which makes it best suited to such a surface, or its im- 
mediate associates, the flat, mill or pillar files, will be used. The 
length will depend upon the extent of the surface, files shorter 
than 8 inches being used only on very light work and for the 
heaviest work seldom exceeding iS inches in length. 

If the surface is an interior one, as is the case with the walls 
of a mortise or key-way, the pillar or square file will usually be 
used. The pillar file provided with one safety edge it best suited 
to this work when the dimensions of the work will admit of its 
use. The extra narrow pillar can usually be used in any slot 
in which a square file of same length can be operated. If the 



opening is very narrow a warding file may be advantageously 
used. As this file is very thin and of equal thickness from point 
to heel, the operator must depend on springing the file enough 
to give the required curvature for true filing. 

In filing square or round holes as large a file as can be freely 
operated in the openings should be used, and if very small a 
slim square or round may be used, which gives the same file 
length, but smaller cross-section, thus enabling the use of the 
longest file possible. If 'the hole is short as compared with 
the length of the file, the latter may be held at point and handle 
and still allow enough length for a suitable stroke. When, how- 
ever, the hole is a long one, the file must be held as shown in 
Fig. 30. If the round file is materially smaller in diameter than 
the hole it is enlarging, as shown in Fig. 31, it will be difficult 
to keep the hole even approximately round; but if larger, as 
shown dotted, better results .can be obtained, inasmuch as the arc 
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o{ contact is very much greater. Ordinarily work of this kind 
does not require great circular accuracy. 

When the curvature becomes too great to admit the use of the 
round file, the half round takes its place. With the larger circles 
it is not possible or even desirable to have the round side of the 


FIG. 32. 

file fit the curve, but the results required are in such a case ob- 
tained by giving the file a side sweep on the forward stroke. 
Thus in Fig. 32, when the file is given only a back and forward 
motion, it is impossible to maintain the smooth curve, liut if, 
as shown in Fig. 33, the file is swept sidewise on its forward 



motion from A to B, and after every few strokes reversed, so as 
to give the sweep from B to A, thus causing the file marks to 
cross each other, true work can be obtained. The file should, as 
with tile hand file, be well curved in its length, so that aH_y por- 
tion of the surface may- be brought into action. It should be 
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given a slight rotation in the hand as it is pushed forward in or- 
der that the same high spot may cut through the entire stroke. 

A safety edge on a file is onejiaving no teeth. The safety edge 
enables the mechanic to file one of two surfaces A, intersecting 
angles, without injuring the other B, as shown in Fig. 
34. The safety edge on a new file should always, be passed over 




FIG. 
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a grindstone or emery wheel before depending on its ^'safety/'’ 
{ as in the cutting of the sides the stock is expanded over the edge, 

making a slight concave, as shown at A, in Fig. 35. While the 
points of the teeth do not, in cutting, form out full over the 
safety edge, the roots of the teeth do, and they are very apt to 
scratch the surface the edge is expected to protect. A Very satis- 
factory safety edge is made by grinding the teeth from the edge 
' of a full cut file. 

As the teeth of files of rectangular cross-section are not fully 
formed at the corners, it is not possible to file a full square with 
them, since the rounded corners of the file leave a small fillet in, 
the angle of the work. By grinding a safety edge on a full-cut 
file, teeth projecting to the extreme corner will be obtained, and 
the angle of the work can be completely formed. As these cor- 
. ner teeth are very delicate, they must be used only for the finish- 
ing strokes, which virtually limits this file to that one operation, 
as only the edge or the side opposite the safe edge can be used 
for other work without injury to the corner teeth. It will usu- 
ally be found quite satisfactory to finish these corners with the 
edge of a small finely cut half-round file, used as shown in Fig. 



FIG. 36. 3 ^- 


36. By canting the file slightly and using a reasonable amount 
of care, good results will be obtained in this way. 

A carefully filleted corner, as shown in A, Fig. 37, is difficult to 
obtain. A flat or square file used on surface C and D is very 
apt to get into the fillet, and if a safety edge is used, leaving the 
work as shown in B, Fig. 37, considerable difficulty will be had 
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in bringing* down the corner with a round file without its cutting 
into the faces C and D.. A flat file with rounded edges and the 
teeth ground from one side makes a good file for work of this 
character when the cuiwature of the file’s edge conforms rea- 
sonably close with the curve of the fillet. The faces C and D 
after being finished will not be injured in the use of the safety 
side file. The faces will steady the tool, and its round edges will 
form the corners, it, of course, being worked in from each side 
of the angle. 

When the end of a slot or mortise is to be filed circular the 
round file usually does the work. As there is difficulty in pre- 
venting the round file from cutting into the sides of the slot, it 
will be found advantageous when much of this work is to be 
done to take a round file somewhat larger in diameter than the 
width of the slot, and grind flats on opposite sides, making it 
narrow enough to work freely in the slot, as shown in Fig. 38. 
When, however, the ends of the slot are formed by a drill and 
reamer, and the sides filed down to the dotted lines, as shown 
in Fig. 39, the edges of the file should not only be safe, but 

rounded, as shown, to prevent the 
corner teeth ’from gouging into the 
•curved ends. 

Correct methods of holding 
work for filing must not be over- 
looked. If the work is large and 
heavy, it will simply require suit- 
able, rigid support to bring it to the 
proper height to be operated upon. A very large percentage of the 
work will be held in a vise. It is important that the work surface 
be as close down to the top of the jaws as possible, in order that 
it can be rigidly held. 

If the work must he held by its finished surfaces, smooth vise 
jaws should be used. As it would be impossible to keep the 
jaws in this condition false jaws must be used between the 
work and the vise jaws. These can be made of soft copper or 
sheet lead, pounded into the proper form to fit nicely over the 
jaws. The spring vise jaw shown in Fig. 40 is well adapted to 
this purpose. Paper fiber faces applied to these jaws are' ex- 
cellent when the surface of the work caught is large enough to 
distribute the pressure over the face fairly well. 

When a large amount of bevel filing is to be done some form 



FIG. 39. 



THE FILE AND FILING. 39 

of jig or damp should be used to hold the surface filed in a 
horizontal plane, as shown in Fig. 41. ' 

If very thin work is to be filed on its faces, it will not be possi- 
ble to hold it in the common vise, as the top edges of the jaws 




are usually worn rounding, and the work is frequently of irreg- 
ular outline. It may be secured to a block of hard wood by brad- 
ding around its edges, and the block held in the vise. The brads 
will file down with the work, and the fiat surface prevents the 
work from springing. 

The term “draw filing’' refers to that use of the file in which 
the direction of its motion over the surface of the work is at 
right angles to its length. In draw filing the file is grasped by its 
.ends with both hands, as shown in Fig. 42. The handle is usually 



removed, as the file cannot readily be controlled when one hand 
grasps the handle. 

As the belly of the file can be brought to bear on the high 
.spots more readily and under better control than in cross filing', 
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more accurate results can be obtained by draw filing, even by a 
less skillful mechanic. For a given pressure, the file in draw 
filing does not cut so deep or remove so much metal as ih,^cross 
filing. It is not, therefore, well adapted to the quick removll^^ 
large amounts of metal, but when an accurate surface or a finely 
finished one is required, it can best be obtained by draw filing 
The grain or lay of the finish produced by draw filing will be ir 
the direction of the strokes, and much finer than can possibly 
obtained with the same file in cross filing. 

When a surface is to be reduced wholly by filing, a second 
cut or a smooth file should be used in cross filing to remove 
the deep file marks made by the rough or bastard file, which 
is used to remove the bulk of the metal, thus producing a smooth 
surface for the final draw-filing operation. A file coarser than 
a second cut is not suitable for draw filing. 

In modern practice nearly all surfaces that are to be finished 
are machined smooth, true and practically to size, so that draw 
filing alone will remove all tool marks and prepare the surface 
for polishing, or scraping, if it is to be an accurate bearing sur- 
face. In general, machined surfaces should be filed as little as 
possible in producing the required finish. If filed too much, the 
surface becomes untrue, and can be brought back only at the 
expense of much time and careful work.' It is very important in 
machining surfaces that are to be accurately finished by filing 
to make the finishing cut a light one, with the cutting tool so 
adjusted as to leave a smooth, true surface, and thus requiring 
the minimum amount of filing. 

After draw filing, the surface is usually given a finish by rub- 
bing it down with fine emery cloth and oil. For this operation 
the emery cloth is secured to a narrow block of wood, or wrapped 
around the file. In either case it is given the same motion as for 
draw filing. \Mien a very fine finish is desired the surface is 
first draw filed in the direction of the lay of the final finish, with 
a smooth file. The direction of the strokes is now changed to 
right angles, with the required finish, a dead smooth file being 
used. This latter cut serves to level off the tops of the small 
ridges -left by the first filing. ■ The final finish will be obtained 
by rubbing the fine emery and oil over the surface in the direction 
of the first filing. A piece of clean leather, charged with washed 
emery and oil, is excellent for this purpose. 

When a concave surface is to be draw filed, the half round 
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smooth or second cut file should be used, as shown in Fig. 43. 
Tlie file should be rotated slightly in the hands, so as to bring 
different portions of its surface into action. It is best to give it 
a small amount of end motion, just enough to cause the file marks 
to cross each other. 

In draw filing convex or cylindrical surfaces, a fiat file or the 
flat side of a half-round file will usually be used. Such surfaces 
are generally so filed to produce finish only, and when cylindrical 
truth is required must be very carefully done. As shown in Fig. 
44 the file surface in contact with the work is very narrow, and 
consequently the pressure on the file must be very light. As 
shown by the dotted lines, the angle of the file with the horizontal 
should change slightly, yet a uniform amount, with each stroke. 

In the draw-filing operations the work should be done on the * 



FIG. 43. FIG. 44. 

forward stroke, the file being relieved of all pressure, but not 
raised from the surface of the work, on the return stroke. 

^ In the filing of rotating work, as between centers in a lathe, 

there is danger of too high a cutting velocity. This is especially 
true when the diameter of the work is large. The tooth of a file, 
like any other cutting tool, will give down if made to do its 
work too fast. As practically all filing of this class is upon work 
that has previously been machined round and smooth, files coarser 
than the second cut are little used, the smooth meeting most 
requirements. 

This class of filing operation is for two general purposes ; first, 
, ' to reduce by a small amount the diameter of the work, and 
second, to finish or prepare its surface for finish. When accurate 
cylindrical truth is required, it is very important that only a small 
amount of filing be done on the work, as it is impossible to file 
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any considerable amount from its surface without throwing it out 
of round. The finishing cut in the machining should, therefore, 
l)e as smooth as possible, and very close to the exact finish diam- 
eter. The danger of filing work out of round increases as the 
speed of rotation decreases. That is, if the work is of small 
diameter and makes a number of revolutions per stroke of the 
file, the surface will be nearer round than when only a few turns 
are made per stroke. When the work diameter is large, making 
the rotation slow, it is practically impossible to file ecjual amounts 
from all parts of the surface, inasmuch as parts of the surface 
of the work are quite certain to come under the action of the 
file more frequently than others. It is best in filing this class 
of work to give the file a comparatively slow stroke, and as long 
a one as possible. 

It must be remembered that, ordinarily, the motion of the file 
to the work in cross, or draw filing, is comparatively slow — say 
forty strokes per minute of perhaps eight inches each. As the 
file is cutting only about one-half of the time, the actual velocity 
of cut in such a case would be not far from fifty feet per minute. 
The intermittent motion of the cut prevents the teeth from be- 
coming extremely hot. 

In filing revolving work, the number of strokes per minute 
will not be so great, but the length of the stroke will be some- 
Avhat increased. This will give practically the same cutting 
speed, due to the motion of the file, as in cross filing. To this 
must be added the velocity of the work surface under the file, 
which will vary from fifty to one hundred feet per minute. In 
cross filing stationary work, only a short length of the file’s sur- 
face is cutting throughout the stroke, which concentrates the 
work on relatively few teeth. In the filing of rotating work, 
however, nearly all of the file’s length is brought into action at 
each stroke, which offsets largely the disastrous effect on the 
teeth, due to too high a cutting velocity. 

The file must not be held stationary, allowing the work to 
revolve to it, as in that case a few teeth do all the cutting, and 
a grooved surface is quite certain to result. The file should 
he held as for cross filing, Fig. 23, and should, as it is moved 
forward over the surface of the work, be given a small amount 
of lateral motion. If a large amount of metal is to be removed 
the file should be pushed diagonally over the work, as shown in 
Fig. 45, the direction of the stroke being frequently changed, 
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thus causing the file marks to cross each other, which, as pre- 
viously explained, causes the file to cut more rapidly and pro- 
duce a truer surface than when continually moved in one direction. 
When, however, a nice finish is required, the stroke should be at 



FIG. 45. 


right angles to the axis of the work, as shown in Fig. 46, and' 
should, as indicated by dotted lines, be kept parallel to this, posi- 
tion, in its sweep from left to right. 

In filing rotating work, as in the draw filing of cylindrical 
surfaces, the number of teeth in contact with the work surface at 



any instant is relatively small, consequently less pressure is re- 
quired to make the file bite, other things being equal, than in the 
filing of plane surfaces. This feature also enables the use of files 
on rotating work, which, due to their concave surfaces, could 
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not be used on plane work. This affords an excellent oppor- 
tunity for using up those files, or parts of files, which, owing 
to their warped condition, are unfit for careful work on plane 
surfaces. 

In filing the face of a rotating disk the same care in the selec- 
tion of the file must be used as for work on a stationary plane 
surface, only the high spots being available for this purpose. 
This, unlike the work on the cylindrical surface, concentrates 
the work on a small portion of the file’s surface, and consequently 
the velocity of the work should be lower. For this class of filing 
the file must be held firmly, to overcome its tendency to move in 
and out on a radial line. 

In the filing of all rotating work, and especially work having 
projections or irregularities, care must be exercised to prevent the 
file from catching in the work. For this purpose a file without 
a handle should not be used, as in the case of its catching it is 
very apt to drive back, forcing the tang into the operator’s hand 
or wrist. Frequently, when the character of the work necessitates 
filing up close to the face plate, chuck, or driver, it will be found 
convenient to run the lathe backward, the operator standing at the 
back of the machine. 

A file to do its work fast and well should be kept free from 
its cuttings. If the metal is of a non-fibrous nature, as with cast 
iron or brass, the cuttings pack solid between the teeth, thus 
holding the teeth out of the work and preventing tile file from 
biting freely. A sharp blow of the file’s edge against the vise 
back after every few strokes will remove most of these cuttings ; 
if, however, loo many strokes are taken before cleaning they 
lodge so finely that a file brush, as shown in Fig. 47, musVbe used 
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to remove them. These brushes are usually made of fine wire 
mounted in leather, and tacked to a light wooden back. A stiff 
bristle brush serves this purpose well, and for very fine-cut files 
is preferable to the wire. 

In filing steel and wrought iron, the character of the ma- 
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terial reduces the disposition of the cuttings to pack between 
the teeth ; but, under most conditions, a more serious trouble, 
that of occurs. Cuttings ''pin’- when they lodge so 

firmly that they cannot be removed with the brush. Unlike the 
particles of cast iron^ which crowd down below the cutting 
edges of the teeth, and do not injure the work, but simply re- 
tard the cutting of the tool, the pin usually stands well above 
the teeth and scores the work surface at every stroke. The “pin” 
can usually be removed by drawing the wire file brush firmly 
across the surface those that resist this treatment being removed 
by the scorer. The scorer is simply a piece of soft wire flattened 
thin at the point, and carried broadside, rather than edgewise 
across the hie surface. After a few strokes it becomes serrated and 
constitutes a short tooth comb, which picks out the pins quite 
easily. 

Pinning may be somewhat reduced by chalking the surface 
of the file, which has also the effect of reducing its bite. A lit- 
tle oil on the file will frequently reduce the tendency to pin. It 
should be used, however, only on the fibrous metals, as it glazes 
the surface of the non-fibrous metals, making them harder to 
cut. 

Chalk is usually applied to a file when a smooth, fine work 
surface is desired. The effect of the chalk is to prevent the teeth 
from cutting as freely as when it is not used, and thereby pro- 
duces about the same result as would occur if a finer cut file had 
been used. It becomes necessary to rechalk the file after each 
cleaning, an operation requiring some time, and which can, by 
using the fine file, usually be avoided. 

When oil has been used on a file it can readily be removed by 
thoroughly chalking and brushing two or three times, as the chalk 
■soaks up the oil and leaves a dry surface. 

In fine filing operations, where it is quite important to know 
the exact spot on the work surface where the file is cutting, the 
surface can be dimmed after every few strokes by passing the 
palm of the hand over it. The dry, soiled hand will deaden the 
surface enough to clearly show where the file cuts on its next few 
strokes, and will in no way injure the cutting of the tool. 

Files are frequently injured by improper care while not in use. 
When boxed at the factory they are brushed ov^er with oil and 
wrapped in oiled paper, which prevents them from rusting. When 
this oil has disappeared they will, if exposed to moisture, rust 
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readily. As there is a large exposed tooth surface the deterioration 
due to rust is rapid. 

Files should never be thrown together in a drawer, or even 
allowed to come into contact with each other, or with other 
tools, as the delicate edges of the teeth are most easily broken 
down, and the value of the file seriously impaired. They should 
be kept in a drawer, separated from each other by low partitions, 
and arranged according to length, section, cut and condition, thus 
facilitating the selection of any desired file. 

Any form of file rack, in which the file hangs from its handle, 
is satisfactory. The tendency is for files to accumulate, a large 
number that are nearly worn out littering up the file drawer or 
rack, injuring the good ones and doubling the time required in 
selecting a file for any piece of work., 

A number of these partially worn files are quite necessary in 
the file drawer of the mechanic who is engaged on work of a gen- 
eral -character, as he will very carefully avoid putting the new or 
better ones on the hard scale of castings or forgings. 

The machinist should at all times exercise good judgment in 
the selection of the proper file for any piece of work as he cannot 
otherwise expect to get economical results from the files he uses. 
Except in cases where his work is all of one character he will ex- 
perience little difficulty in so selecting that he will alwa3's be able 
to use his partially worn files to good advantage on much of his 
work, thus saving the new ones for the best work. 

The broad surfaces of cast metals require the sharpness of 
the new file to properly cut them, while the narrow, surfaces 
are readily cut by the somewhat dulled teeth of the file that 
has seen a moderate amount of service. Steel and wrought work 
will reduce the file to a condition where its further use is un- 
economical except as it may serve to protect the better ones by 
being used for cutting thin, hard materials and removing fins 
and scale from castings and forgings. 

Thin castings, and especially the fins on them*, are quite apt 
to be chilled, making them harder than the file, a condition not 
conducive to the health of that tool. The sand must be thor- 
oughly removed from castings before applying even the poorest 
file, as otherwise, the grindstone action will soon render the file 
absolutely useless. 

The sand can be largely removed by brushing, but the scale 
only by a chemical treatment which softens rather than removes 
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it. This process, commonly known as pickling, consists in the 
washing or soaking of the castings in a Blue vitriol solution, or 
dilute sulphuric acid. The length of time the casting should re- 
main in contact with the pickling solution depends on the strength 
of the solution and the degree of softness required. They should 
be thoroughly washed off with water when taken from the bath 
and after dr3dng the scale can be brushed with a wire scratch- 
brush or rattled off. When the castings so pickled are to be 
finished on any of their surfaces by painting, it is important that 
they are thoroughly cleaned, as otherwise the scale will eventually 
flake off, taking the finish with it. In such cases the castings 
when removed from the acid bath should be thoroughly soaked 
in a neutralizing bath of strong, hot soda or potash water. They 
can then be rinsed in hot water and dried. 

Pickling operations should be performed in a well-ventilated 
room, or preferably in the open air, as the fumes are poisonous, 
and in the case of sulphuric acid, explosive when mixed with the 
proper proportions of air. The pickling vats if of iron must be 
lined with sheet lead. Vats of wood are frequently used, care 
being taken to protect the hoops or other iron fastenings from 
coming in contact with the solution. A wooden vat lined with 
sheet lead makes a very satisfactory combination. Vessels of 
glazed or vitrified earthenware are suitable when the work is 
suspended and not thrown into the solution. 

For cleaning brass castings a solution of nitric and sulphuric 
acids with water is usually used. The common proportions are 
I part nitric acid, 2 parts sulphuric acid, and 2 parts water. The 
castings are left in the solution but a short time and then thor- 
oughly rinsed first in cold, and then hot water, after which they 
are dried in sawdust. 
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SCRAPERS AND SURFACE PLATES. 

The scraper is a tool used by machinists for producing truer 
surfaces than can be produced by the ordinary planing and filing 
processes. It is strictly a tool tod3e used on stationary work, al- 
though the distinction between it and the hand turning tool used 
by the brass worker is not clearly drawn. 

The flat hand scraper, as usually formed, is shown in Fig. 48. 
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It is forged from a piece of flat steel of from ^ to Ij 4 
width ])y J/8 to 3-16 of an inch in thickness. The point is drawn 
down so that the end is about 1-16 of an inch thick, as shown 
in Fig. 49. The flats should lie ground well back from the 



FIG. 49. FIG. 51. 


point and the end at right angles to the length of the tool, as 
shown at A, Fig. 49, thus making the angle of the cutting edges 
but slightly more than 90 degrees, as shown at B, same figure. 

The end should be ground ’slightly rounding in its length to 
prevent the corners from digging into the work and the tools 
taking too brOv.d a cut, which tends to produce a waved or chat- 
tered surface. 
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If the end is ground so as to give one side a keener cutting 
•edge; as shown in Fig. 50, this edge will cut faster, but the surface 
produced will ordinarily not be so smooth as in the former case, 
it being difficult to prevent the tools chattering. 

The scraper, including handle, should be from 10 to 12 inches 
long, depending on the size of stock and the character of the 
work on which it is to be used. If too long' it will be springy and 
will not do good work. As the angle forming the cutting edge 
must be kept veiw sharp, a high temper is necessary, and the end 
faces after being ground must be oil-stoned often in order to make 
the tool cut properly. 

The double ended scraper' shown in Fig. 51 is a form fre- 
•quently used. This scraper should be made somewhat longer 
than the one shown in Fig. 48, from 14 to 16 inches being about 
right. The central portion, which serves as a handle, should be 
enlarged and knurled, or twisted in the forging, so as to enable 
the hand to grip it firmly. 

A form of scraper shown in Fig. 52 is sometimes employed on 
•fine work. The disadvantages of this form arise from its hid- 
den cutting edge while at work, and its having but one cutting 
•edge, thus necessitating more frequent grindings than with the 
;slraight tool. 

The scrapers shown above are suitable for use on plane or 



■eonvex surfaces. If a concave surface is to he worked upon, 
a scraper of semicircular cross section, as shown in Fig. 53, will 
be used. 

Frequently in scraping circular surfaces, and more especially 
in the softer metals, as brass or babbitt, a three-cornered scraper 
'Can be used to advantage. Such a tool is shown in Fig. 54. 
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The cutting edges are long ones, formed by the intersection of 
the sides. In its use this tool is held in both hands, by the 
point and handle, when the nature of the work will permit, the 
cutting edges being swept over the surface of the work. This 
scraper should be tapered from the middle toward the point and 
parallel from the middle to the heel, thus giving curved and 
straight cutting edges, which may be used for taking narrow or 
wide cuts, as the work may require. 

Work that is to have surfaces accurately fitted by scraping* 
should be carefully planed. The finishing cuts should be very 
light ones, taken with a moderately fine feed, the work being 
clamped as lightly as possible, to prevent its springing when 
taken from the planer table. The surfaces should be filed only 
enough to bring them to approximate planes and to remove traces 
of tool marks. 

The usual method of producing a plane surface is by compar*- 
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ing it with a standard plane. Such a standard is called a surface 
plate and bears the same relation to the testing of plane surfaces 
that the cylindrical gauges do to the testing of circular surfaces. 
In Fig. 55 is shown a pair of Brown & Sharpe standard surface 
plates. 

After bringing the surface of the work to an approximate 
plane by planing and filing, and too much care cannot be exer- 
cised in these operations, the work is ready for the scraper. xA. 
thin coating of red marking is rubbed over the face of the 
surface plate. The material used for this marking is usually 
Venetian red mixed in oil. Red lead answers fairly well, but 
separates too easily from the oil and does not spread as evenly 
and thin as the former. The marking can be best applied to the 
surface with the fingers or the palm of the hand, as the hand 
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detects any dust or grit and spreads the marking thinner and 
more uniformly over the surface than can be done with a piece 
of rag or a brush. The work surface is now rubbed over the 
surface plate, the high points on the work being shown by the 
marking rubbed from the true. surface of the plate. These high 
points, if small and few in number, may be reduced with a fine « 
iile until the work, when moved over the plate, will show fairly 
good contact. The file should be used up to that point in the 
operation at which more time would be required to make the file 
cut on the proper spots and sufficiently light to prevent pitting 
than would be required to remove the metal with ’a scraper. The 
workman’s judgment must determine this point, and much time 
and hard work will be saved if his judgment is good. A file hav- 
ing considerable belly should be used for this purpose. 

The thickness of the coating of marking will depend upon the 
condition of the surface, the nearer it approaches a plane the 
thinner the marking must be. If too thick false bearings will 
show, which lead to confusion and errors in the scraping. For 
the finest work it must be rubbed down so thin as to be scarcely 
visible, and the lark brown spots left on the work will then 
show true bearing points. Tie harder the .surfaces are pressed 
together the plainer will the marks appear, the higher ones look- 
ing the brightest. 

When the work is heavy and awkward to handle the surface 
plate may be rubbed over it. After each course with the scraper 
the surface must be remarked. For the first few courses the 
strokes of the scraper may be moderately long, never exceeding 
three-fourths of an inch, but as the surface becomes truer and 
the bearing points close together, the strokes must be made 
shorter, being careful not to overreach the marked points. Each 
course must be made at a considerable angle with the preceding 
one, thus preventing the waved surface that results from numer- 
ous cuts across the work in one direction. 

The scraper should be held as shown in Fig. $6, and pressed 
firmly to the work. The pressure required depends upon the 
hardness of the metal being scraped and the condition of the 
cutting edge. This must be carefully considered in accurate fin- 
ishing, since as the tool dulls the pressure must be increased in 
order to give cuts of equal depth. . 

The degree of accuracy required must in every case determine 
how far the process should be carried. For a strictly first class 
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job there should be contact over practically the entire surface, 
as shown by the extremely thin coat of marking. Such surfaces 
are comparatively expensive to produce. 

When two plane surfaces are to move over each other, as so 
frequently occurs with machine parts, both may be trued to the 
surface plate, but usually the nature of the work will prevent 
the use of the plate on both, in which case one surface may be 
trued to the plate and the; other fitted to this surface. 

When two plane surfaces that are not intended to move over 
each other are to be fitted together one should, if possible, be 
trued to the plate and the other fitted to it, but frequently in 
such cases it is not possible to apply the plate to either sitrface, 
and usually motion of the one surface oyer the other cannot be 



had. In such cases the process known as ^'bedding’ must be 
used. When possible one surface will be trued to the plate, 
then covered with marking and placed in position over the 
surface it is to be fitted to, when a sharp blow with a mallet or 
soft hammer will cause it to mai’k the high spots on the latter 
surface. These, spots can be scraped away and the process con- 
tinued until the marks appear uniform over the entire surface. 
If neither of the parts can be applied to the plate, one must' be 
machined and finished as true as possible and the other fitted to 
it. This will, of course, not give true plane surfaces, but in 
nearly all cases where motion between the surfaces is not ex- 
pected, a uniform bearing is all that is necessary. As before, the 
coating or marking will depend upon the condition of the surfaces. 
If too heavy at any time the force of the blow will spread it into 
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the low spots, thus giving false bearings. Pedestal bearings, coii' 
necting rod brasses and similar parts, must usually be fitted in 
this manner. 

Cylindrical surfaces, as shaft, spindle and pin bearings, also 
depend largely upon the scraper for bringing them to their true 
bearing surfaces. 

In such cases the bearing is usually fitted to its spindle, the 
latter taking the place of the surface plate. It follows that if 
the spindle is not round a perfect bearing will not result. Since 
in machine construction the cylindrical truth of all spindles must 
be sufficiently exact to satisfactorily perform the operations for 
which the machine was intended, the bearings may be so fitted. 
In high grade machine construction the spindles are ground 
and lapped cylindrically true, thus enabling the skilled workman 
to scrape the bearings for these spindles as accurately as he could 
produce a plane surface from a standard surface plate. 

In the absence of a standard plane a true plane surface may 
be originated in the following manner: Take three jDlates, the 
surfaces of which have been brought to approximate planes. 
Determine by means of the straight-edge which of these plates 
is the nearest true. Call this plate A and the others B and C. 
Assume A as a temporary standard, and fit B and C to it. The 
surface outline of A is shown to an exaggerated scale in Fig. 
57. In Fig. 58 are shown B and C placed together after having 
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been fitted to A. If now B and C are fitted to each other, being 
careful to correct equally the error on each, it is evident that 
either B or C will be nearer a true plane than A. Now select 
one of these plates, say B, as a temporary standard and fit A and 
C to it. Then fit A and C to each other as before. Next select 
C as the standard and repeat the process. Each repetition of 
this operation will bring the surfaces nearer to true planes, and- 
when they finally interchange, showing perfect contact between 
any two, the work has been completed. 
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Surface plates are designed to resist as much as possible the 
deflection due to their own weights. In large plates this is an 
extremely important point in their construction. For the final 
finishing the plates could be tested while standing on their edges, 
but if trued in this position they would sag in the center when 
turned down. It would, therefore, be necessary to apply them to 
the work in the same position in which they were finished, which 
would be extremely awkward. 

A surface plate should always rest upon three points of sup- 
port and should be kept in a substantial wooden box, from which 
the cover can be easily removed, exposing the surface when in use 
and protecting it when not in use from accidents due to articles 
falling on and marring the face, as well as from the dust. When 
not in use the surface should be kept oiled to prevent rusting, 
which would impair its accuracy. 

The surface plates should be kept in a temperature as uniform 
as possible and not varying far from that at which the plate was 
finished, as the expansion due to changes of temperature is 
very apt not to be uniform and the truth of the plate thereby 
affected. 

In using the plate, wipe any dust or grit from the face before 
applying the work, otherwise there is danger of scratching the 
surface. A careful workman tests small work on the edges of 
the plate rather than in the center, and thus prevents dishing 
the plate through wear. 



CHAPTER IV. 

STANDARDS OF MEASURE. 

Modern methods of manufacturing interchangeable machine 
jjarts necessitate the extensive use of standard gauges. A stan- 
dard gauge is a fixed caliper, the distance between the measuring 
surfaces representing a certain definite portion of the British Im- 
perial yard, which is also the standard in the United States. This 
British yard is the distance between two very fine rulings on 
polished gold plugs inserted in a certain bronze rod commonly 
referred to as bronze. No. i, and carefully guarded within the 
walls of the Houses of Parliament. 

As changes in temperature afirect the length of the bar, the dis- 
tance between the lines is standard at 62 degrees Fahrenheit. The 
rulings on the gold are so fine that they are hardly visible to the 
naked eye, necessitating the use of the microscope for making 
comparisons. 

A number of copies of the British yard were made for distri- 
bution among the different governments and to preserve as refer- 
ence in case of accident to the original standard. Of these only 
two, bronzes No. 19 and No. 28 were exactly standard, the others 
varying slightly from the original. Both of these are retained 
by the British government as exact representations of their stan- 
dard of measure. 

By act of the British Parliament, the Imperial yard was legal- 
ized in 1855, and the following year copy No. ii was presented to 
the United States Government. At 62 degrees Fahrenheit No. 
II is .000088 of an inch shorter than bronze No. i, and is ex- 
actly standard at 62.25 degrees. The temperature at which these 
bronzes are standard is usually referred to rather than the amount 
of their error at 62 degrees Fahrenheit. 

The exact subdivision of this standard yard into its thirty-six 
equal divisions, each of which represents one inch, and the still 
further divisions to the fraction of an inch was a task of no small 
proportions. Sir Joseph Whitworth obtained the inch subdivi- 
sion by making first three end measure test pieces, each equaling 
as near as possible one foot. Keeping these pieces continually 
of equal length they were worked down until the three when 
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placed end to end exactly equaled the standard yard. By con- 
tinued subdividing the foot pieces were- reduced to inches. For 
the fractional division of the inch he depended on the accuracy 
of a screw. The enormous amount of time and work required 
to make this subdivision can hardly be appreciated, and when 
completed the uncertainty of maintaining the test pieces as stan- 
dards due to the wear on the measuring faces by the repeated 
trials necessary in the comparing of working test pieces renders, 
the method unsatisfactory. These uncertainties were eliminated 
in the method proposed by Prof. William A. Rogers and so ably 
carried out by himself and the Pratt & Whitney Company. This 
method substituted for the end measure test pieces a graduated 
steel bar, thus making a line measure reference. As working' 
gauges are made of tempered steel, it was important that the ref- 
erence bar be made of the same material, since the effect of 
changes in the temperature affects to an unequal degree the ex- 
pansion of different metals. x\s repeated comparison with the 
bronze standard Avould not be practical or even desirable, it was- 
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decided by the Pratt & Whitney Company to construct a hard- 
ened steel bar, to be graduated and compared with the official 
standard, and that this bar, when its precise relation to the stan- 
dard was established, might thereafter be used as a standard with 
which to compare steel gauges and tools necessary in the produc- 
tion of accurate interchangeable work. 

Of the five bars graduated and compared with bronze No. ii 
the shortest, a tempered steel bar, 6 inches long and >2 inch 
square in cross section is the one about which manufacturing in- 
terests most center. The upper surface of this bar is ground 
and polished to a perfect plane' and 4 inches of its length grad- 
uated, as shown in Fig. 59. The subdivisions along one edge 
are inches, half inches, quarters, eighths and sixteenths, along the 
opposite edge, tenths and twentieths and through- the center a 
series of lines representing the exact bottom diameter of U. S. 
standard thread gauges from to 4 inches, with a hand of rul- 
ings immediately below of 2,500 per inch. These lines were cut 
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with a diamond, and are exceedingly fine, being not greater than 
1-25,000 of an inch in width, 

A complete description of the method employed for ruling 
and comparing these bars with the standard, bronze No. ii, to- 
gether with a description of the Rogers-Bond comparator, is given 
in a book published by the Pratt & Whitney Company, entitled 
“Standards of Length and Their Practical Application. 

The most careful investigation of this steel line-measure bar 
shows it to be but five millionths of an inch longer at 62 degrees 
Fahr. than 1-9 of the Imperial yard. The greatest error, m 
of the subdivisions does not exceed 1-50.000 of an inch. By 
means of microscopes provided with micrometer eye pieces the 
reading or comparing of lines on these finely ruled bars can be 
made with the greatest exactness, and at the same time hot im- 
pair in any respect their accuracy by wear, as is the case when 
using end measure standards. 

As a measuring machine, the essential features of this remark- 
able instrument and its working may be briefly stated as fol- 
lows : Two accurately lapped surfaces corresponding to the anvil 
and measuring point of the common micrometer serve as caliper 
points, between which the articles to be measured are placed. 
The measuring jDoint is secured in the end of a sliding plunger, 
which carries in a .suitable position a small plate, upon which 
is ruled a A^ery fine reference or setting line. Back of, and 
capable of motion, parallel with the plunger is a carriage 
mounted on suitable guides. Secured, adjustably, to this carriage 
are two powerful microscopes, each provided with micrometer 
eye pieces, by means of which variations in the setting as small 
as 1-60,000 of an inch may be read. The standard steel bar is so 
placed that one of the microscopes passes over 'its surface when 
the carriage is moved along its guides. A spiral spring attached 
to the measuring plunger in a suitable manner provides equal 
pressure of contact between point and work as between point 
and anvil. 

In operating, the surfaces of the measuring point and anvil 
are brought into contact, the carriage is moved to the point at 
which one microscope shows exactly over the line on the plate 
on plunger, and the other microscope is adjusted to read ex- 
actly on the initial line of the standard bar. The plunger is' now 
moved back, and the article to be measured placed between the 
points. The carriage is now moved along its way until the first 
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microscope again reads on the line on the plunger. The other 
microscope will have moved over the standard bar an amount 
equal to the distance between the measuring points, and the 
reading on the bar, with the aid of the micrometer eye piece for 
the minute subdivision, will give the exact measurement in terms 
of the standard. 

Although desirable to maintain the temperature uniformly as 
near 62 degrees Fahr. as possible, it is not necessary in the meas- 
uring of hardened steel articles,, as the coefficient of expansion 
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for these aixi the standard bar is the same. It is, however, very 
important that both the article being measured and the standard 
bar be at exactly the same temperature. 

In Fig. 60 is shown a general view of the Rogers-Bond com- 
parator, owned by the Pratt & Whitney Company. 

With this machine measurements guaranteed correct to the 
1-50,000 of an inch are continually being made in the produc- 
tion of the standard gauges of this company, and differences in 
dimensions as small as 1-100,000 of an inch readily indicated. 
It will be understood, however, that measuring and indicating 
are vastly different matters, as a difference in, dimensions too 
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small to be read with any degree of accuracy can be readily de- 
tected. Thus we see that at great expenditure of time and labor 
a working standard, the reliability of which is beyond question, 
was produced. 

Standard gauges cannot be classed as measuring instruments, 
as they do not determine the amount of variation when they do 
not fit the work. If the work is very nearly to size, however, 
the tightness of the fit will give an idea as to how much the work 
is over or under size; this based on the judgment of the opera- 
tor, of course. 

In Fig. 6i is shown a plug and ring gauge. The diameter of 
these gauges is, as stamped on them, lyi inches, as near as hu- 
man skill can make them. The particular gauges shown are 
guaranteed correct to the 1-50,000 of an inch. It is perhaps dif- 
ficult to conceive of a dimension so small. Take i-ioo of an inch, 
which is the smallest graduated space commonly put on the 
ordinary steel scale. Imagine this small distance divided into 
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ten equal parts, and then one of these portions into fifty equal 
parts, and you really have something small in the way of distance. 
Although so nearly of the same size, by skillful manipulation, the 
plug may be made to enter the ring. Both surfaces must be 
wiped perfectly clean and coated with fine oil. When entered the 
one will ‘move over the other with great smoothness and surpris- 
ing ease, but if the motion is stopped for only an instant they will 
set, and so firmly that nothing short of a sharp blow ‘with a mallet 
will start them. There can certainly be but little room for lubri- 
cation between these surfaces, and the supposition is that when 
motion stops the little globules of oil flatten out so thin that the 
surfaces of the metal coming into contact grip each other. The 
effects of temperature are clearly shown by first cooling and then 
warming slightly the plug. In the first case it, enters the ring 
readily and in the latter it cannot be induced to start. These 
gauges are made in any desired sizes, fromi 1/4 to 6 inches. 

In Fig. 62 is shown an end measure test piece. This little 
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piece of hardened steel measures exactly between faces the dis- 
tance stamped on it. The small hole in the side is to receive 
a small wooden handle with which to manipulate it, as the heat 
from the fingers would otherwise affect its length. 

The accuracy of the method of making and the final meas- 
uring of these test pieces were shown most conclusively by the 
severe test of the committee of the American Society of j\Iechan- 
ical Engineers appointed to investigate the subject of standards 
and gauges. The test consisted of the placing end to end 'in a 
groove planed in a heavy block of cast iron, Pratt & VA'hitney 
end test pieces of miscellaneous lengths aggregating a total 
length of 12 inches, between suitable stops which were so ad- 
justed that a end measure, used as a try piece, was held 

with just sufficient friction to allow it to move easily. Twelve 
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PIG. 63. FIG. 64. 

different sets, all of which had been resting on the block of iron 
sufficiently long to attain the same temperature were tried be- 
tween the stops. Each set was made up of different combinations- 
of lengths using in each case the same try piece. , With 

one exception these twelve sets were found to be of uniform 
length, the try-piece fitting with practically the same fric- 
tion in each of the eleven sets. In one case where the try- 
piece was quite loose, it was found that the total length of the 
pieces Avas 1-10,000 of an inch short, most of this error being in 
one piece, which had been previously rejected because of a defec- 
tive face. 

Fig. 63 shows a form of caliper gauge, double end pattern, 
for gauging both internal and external dimensions. For th 
larger sizes the forms shown in Fig, 64 are used, as they make 
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lighter and more convenient tools. For general shop use, where 
constant reference is to be made to them, these gauges are pref- 
erable to the plug and ring forms, being lighter, cheaper and 
more convenient. With the ring gauge it must be applied to the 
end of the work, while the external caliper gauge can be used 
at any point in the length of the work. 

Good judgment must be exercised in the use of all accurate 
gauges. They must never be forced, as in that case excessive 
w^ear results, and they soon become unreliable. A standard ring 
is not intended for measuring anything except work that by care- 
ful methods has been brought to the gauging diameter. It 
should move freely over the work without forcing, and yet close 
enough to show no shake. When it is considered that 1-2000 
of an inch is the difference between a tight and a loose fit, the 
results possible with gauges of this character become evident. 



FIG. 65. 


In using the external caliper gauge, if forced over the work not 
only wear to the faces, but springing of the jaws will result, both 
of which destroy the accuracy of the tool. Never attempt to use 
this or any other gauge on rotating work, as the faces will catch 
and draw over work several thousandths over gauge size. 

In the machining of nearly all work, a certain amount of 
variation from the exact standard size is permissible, the amount 
of this variation depending on the nature of the work. If, for 
example, the variation allowed in the making of a large number 
of like parts was .001 of an inch from exact size, the economical 
production of these articles would not permit the loss of time in 
making them unduly accurate. 

The gauges shown in Figs. 65 and 66 illustrate external and 
internal limit gauges. One end of the external gauge shown 
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must pass over work not exceeding .250 of an inch in diameter. 
The opposite end, which is but .0015 of an inch smaller, must 
not go over. In this case the limit is all under the exact size, 
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FIG. 66. 

while in the internal gauge shown in Fig. 66 the limit of .002 
is half below and half above the standard size. 

In Fig. 67 are sho\vn United States standard thread gauges. 




FIG. 67. 


external and internal. By an extremely accurate method, the 
threads of these gauges are ground after hardening, which leaves 
them highly finished and correct as to pitch and angle. The stan- 
dard pipe gauge is illustrated in Fig. 68. The use of standard 




fig. 6S, fig. 69. 


thread gauges enables the manufacturer of pipe, fittings, screws, 
etc., to maintain standard threads and sizes by referring, all taps 
and dies to the standards. 

The corrective gauge shown in Fig. 69 is used for testing the 
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correctness of caliper gauges. To insure against errors aris- 
ing from the use of gauges which, through wear or accident, 
have become incorrect, it is important that they frequently be 
referred to the corrective gauge. Caliper gauges which have 
worn on the faces until they are oversize, can be brought up to 
standard by pening lightly the outer edge of the crescent. 

The use of standard gauges and micrometers has done much 
to systematize, improve and lessen the cost of many lines of 
manufacture. With our present excellent systems of gauging 
it would be quite possible to build the many parts of a steam 
engine or machine tool in many different shops throughout 
the country and to assemble these parts into a perfect working 
machine. 

In the manufacture of gauges the cost depends very largely on 
the degree of accuracy obtained. xA. set of cast iron plugs and 
rings for common -work can be ground correct to one-fourth of 
a thousandth without much trouble. But when of tempered steel 
and the error reduced from 1-4,000 to 1-50,000 of an inch, the 
cost of production due -to this great refinement increases many 
times. 

Gauges that are to be finished to the highest possible degree of 
accuracy are, after being hardened, ground to nearly the required 
dimensions, and then stored away to “season.” Gauges that are 
finished immediately after hardening will frequently crack open 
several months later. It has been found, however, that if the' 
gauge is allowed to stand for about a year before the finishing 
work is done on it, it is not apt to crack thereafter. Gauges are 
made standard at 62 degrees Fahrenheit. 
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CALIPERS. 

Calipering tools may be classed under two lieads-^-transfer and 
recording. The transfer class includes all calipers us^ 4 ^:^ trans- 
fer “scale dimensions to the work, work dimensions to the 
or to receive and transfer from one piece of work to another a 
dimension without reference to its exact magnitude. The record- 
ing caliper is provided with a scale which gives the length of 
■ the dimension measured as well as forming a transfer instru- 
ment. This latter class includes the vernier and micrometer 
calipers. The large and heavy calipers of this class are called 
-'bench micrometers.'^ Recording calipers are usually graduated 
to read to one-thousandth of an inch, which makes them suiEfi- 
ciently accurate for use on all ordinary mechanical operations. 
When, however, the tool is designed for greater accuracy, it 
becomes necessarily more delicate and expensive, and is not 
suitable for general shop work. Such instruments come under 
the class known as “measuring machines/’ which are used as 
test instruments. 

The transfer calipers are of three general foirms : firm joint, 
lock joint and spring, the latter two usually being called adjust- 
able calipers.- 

Calipers to be first-class should have well proportioned legs 
made of high grade steel, preferably tempered, wfitli a carefully 
fitted joint having a imiform amount of friction at all positions 
of the legs, thus insuring a smooth,, steady motion when setting. 

In Fig. 70 are shown at A and B a pair each of outside and 
inside firm joint calipers, and at C a pair of inside lock joint cal- 
ipers. In this tool a tapered socket joint enables the short arm 
A to be rigidly locked with the outside leg B by tightening the 
knurled nut C. The nut D, which is coned on the bottom, moves 
over a stud, which is secured in the middle leg, and moves 
through a slot in A. Secured to A is a small cone, against 
which the cone nut bears, thus forcing the middle leg away from 
A when D is tightened clown. A stiff spring set in the under side 
of A resists the separation and holds the joint steady. This tool 
may be set to approximately the size desired, the joint locked 
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and the linal adjustment obtained by turning the nut D. By ad- 
justing C to give the correct friction this tool may be used as 
a firm joint caliper. 

At D, Fig. 70, is shown a good example of the numerous forms 
of spring calipers in use. Its construction is clearly shown in 
the figure. They may be had with solid or slip nut on the screw^ 
a slip nut being shown at E, Fig. 70. It is a split nut pivoted at A 
with a light spring in a recess iiiside the knurled head, which 
holds the halves together at the threaded end, the outside of 
which is coned to fit a recess in the post or caliper leg, which 
prevents the nut from opening when the tension of the joint 
spring is upon it. The slip nut saves time in setting the calipers, 



which is of material importance where numerous settings are to 
be made. 

The skillful use of transfer calipers depends entirely on the 
good judgment and delicate touch of the operator. Fie must 
recognize contact, between the points of the caliper and the 
work, without tDressure. The ability to make a sure calipered 
fit is an accomplishment that comes only with practice. In set- 
ting calipers to a scale care must be exercised, the chance for 
personal error being great. In setting the outside calipers the 
scale should be held vertically in the left hand, with the end of 
the little finger resting against the side at the bottom end to 
steady the lower point of the calipers over the end of the scale, 
the caliper being held in the right hand, as shown in Fig. 71. 
If the caliper is a “firm joint’’ it must be adjusted to the re- 
quired dimension by tapping the legs against some solid body. 
the force of the blow diminishing until the proper adjustment 
is obtained. In setting the adjustable calipers, they should be 
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held ill the right hand, as shown in Fig. 72, the thumb and fore- 
finger operating the adjusting nut. The upper caliper point 
rests against the side -of the scale and over the graduations. The 
lower point rests against the end of the scale, but the eye must 
determine when the upper point coincides exactly with the re- 
quired reading. The end of the scale should be square, only a 



comparatively new steel scale being suitable, as an old one is 
frequently worn enough to make it appreciably short. When 
the caliper is heavy the little finger of the right hand should 
be pressed against the lower leg to steady and support it. The 
slight angularity of the points with the plane of the scale, due 
to dropping the lower point below the graduated surface, has 



an appreciable effect on the accuracy of the setting only when 
adjusting for the smaller dimensions. This error may be avoided 
by slightly twisting the caliper so as to spring the legs sidewise 
enough to bring the points in planes parallel to the surface of the 
scale. 
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In setting the inside calij^ers to the scale the end of the scale 
should be placed against and held at right angles to a plane sur- 
face ; one point of the caliper placed against this surface and the 
other adjusted to the required reading on the scale. It is vexy 
iinpoi'tant that the scale be held perfectly at right angles, . as a 
wslight variation makes considerable error in the reading. It is 
not good practice to set both points to lines on the scale, as the 
chance for error is much greater than when the measurement is 
referred to one end of the scale. 

Ixi transferring a setting from one pair of calipers to another, 
the reference pair should be held in the left hand, with the 
lower point resting against the end of the little finger. The lower 
point of the pair being set should be* brought in contact with 
this point, the end of the finger serving to steady the points. The 
upper point should then be so adjusted that it just makes contact 
with the upper point of the reference pair. The accuracy attained 
depends entirely upon the skill with which this adjustment is made, 
other than the slightest pressure between the points seiwing to 
distort the measurement. 

Assume that a shaft is to be turned to 4^ inches in diameter 
and a hub bored to fit this shaft. The outside caliper will be set 
to size, as shown in Fig. 71, involving the first chance for error. 
The bar will now be turned and finished to the caliper size, allow- 
ing a second chance for error. The third oppoit unity for error 
arises in the setting of the inside to the outside calipers, and 
finally the fourth in boring the hub to the dimension of the in- 
side caliper. Of these the first two affect the diameter of the 
work and the last two the fit. 

' In using the outside calipers they must pass squarely over the 
work, just touching it. The lighter the touch the greater the 
accuracy attainable. For final calipering the work must l^e sta- 
tionary, as a 1‘otating piece will draw the calipers over long be- 
fore they are down to size. When a number of pieces are to 1:)C 
turned to sample, it is permissible to set the calipers so that the 
contact will just sustain their weight, toning all of the pieces 
so the contact will be the same. This, however, can hardly be 
called calipering. 

In setting the 'inside calipers To the outside, the contact be- 
tween points shoixld be, as near as a delicate touch can deter- 
mine, the same as the contact between outside caliper points and 
the work. The woi*k should then be bored to that diameter 
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which gives the same contact between the inside calipers and the 
walls of the hole as between the inside and outside calipers. 

The caliper shown at A in Fig*. 73 is technically known as a 
‘‘transfer” caliper. Frequently it is necessary to caliper a piece 
of work the shape of which makes it impossible to remove the 
calipers without loosing the setting*. In this tool the leg A is 
secured to the blade B by the stud and nut C, the stud striking 
against the end of the small slot. The caliper is then_ set, for 
example, to the larger diameter of- a chambered cylinder, 'and the 
joint nut tightened, securing D and B to each other. C can now be 
loosened and the leg A moved to allow’ the tool to be removed 
from the work. When moved back against its stop it will show 
the original setting. Only calipers of the very best construction 
should be depended upon for this kind of work. 



The thread caliper is shown at B in Fig. 73. It has wide, thin 
points for calipering both the top and bottom of screw threads. 

At C, Fig. 73, is shown a hermaphrodite caliper, a tool having 
one caliper and one divider leg. The divider leg is preferably 
adjustable, and when caliper is pf the spring pattern the caliper 
leg must have right and left feet, as the legs cannot pass by each 
other as with the firm or lock joint patterns. This caliper is a 
valuable tool for centering, and scribing purposes. 

The key hole caliper, shown at D' in Fig. 73, is a valuable 
tool on work the shape or position of which will not allow the us© 
of two curved legs. 

The vernier caliper, an example of which is shown in Fig. 74, 
is a form of beam caliper Avhich depends for its setting on a 
graduated scale on the side of the beam, the subdivision of the 
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graduation on the beam being obtained by means of the ver- 
nier on the sliding jaw. This tool possesses the advantage of 
wide range and comparatively light weight. Its value as a measur- 
ing instrument depends on its accuracy of construction, cheap 
calipers of this class being of little value. The jaws should be of 
tool steel, carefully tempered, and the faces ground exactly parallel ♦ 
with each other. The sliding jaw is given its final adjustment by 
means of the small knurled nut and screw in the auxiliary slide. 
The graduations usually read to thousandths on the front side of 
the beam, and to sixty-fourths on the back. They may be used 
for either inside or outside measurements, but^ for inside readings 
on the vernier side a constant equal to the space occupied by the 
points must be added. On the back side of the instrument two 
zero lines are used, one for inside and one for outside measure- 
ments, thus avoiding the necessity of the addition for the inside 
pleadings. 

In explanation of the use of the vernier : Referring to Fig. 74, 



it will be noted that the scale on the beam is divided into inches, 
tenths and fiftieths, and that twenty divisions on the vernier 
cover exactly nineteen divisions on the scale. This makes each 
division on the vernier 1-20 of 1-50 less than a division on the, 
scale, or i-iooo of an inch. In the figure the zero on the vernier 
stands at .2 inch; if, now, the sliding jaw was moved out until 
the 10 on the vernier coincided with the next line on the scale 
(.4 inch) it would have moved through 10-20 of 1-50 — 
i-ioo or .21 inch from zero; and in like manner if the fourteenth 
division on the vernier had moved to coincide with the third line 
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beyond i.6 inches, as shown in Fig. 75, the reading would be 
I inch + .3 inch -f 4-50 (.08) + = 1*394 inches. 

Other graduations than the one shown may be used; for 
example, if the beam is graduated into forty lines per inch and the 
vernier has twenty-five divisions covering twenty-four on the 
scale, then each division will be 1-25 shorter than one on the scale 
and 1-25 of 1-40 = I -1000 of an inch. 

A magnifying glass is of great value in reading these instru- 
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ments, especially so when many readings are to be made in a short 
space of time, it being very trying on the eyes. 

The micrometer caliper, a skeleton view of which is shown in 
Fig'* 7^4’ a tool that has come into very general use among 
mechanics employed on work requiring uniformity and accuracy. 
Its simplicity and relatively low cost make it an instrument that 
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even the mechanic on comparatively coarse work can scarcely 
afiford not to have in the caliper drawer of his tool chest. 

These calipers may be divided into two classes, the yoke and 
the beam patterns, Fig. 76 illustrating the former. In this figure 
the construction is quite clearly shown. The shank of the yoke 
contains at its outer end a split nut, which for adjustment for 
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wear, may be closed onto the screw by advancing the nut toward 
the yoke, the stem being threaded on a slight taper. The gradu- 
ated shell or thimble is attached to the end of the screw and rotates 
Avith it, moving along and over a shell on the shank. As the screw 
does not extend out of the yoke it is completely encased and pro- 
tected from dust or injury for all positions of the measuring 
point within the range of the instrument. The small knurled exten- 
sion to the thimble seiwes as a speeder for rapidly advancing the 
screw. The knurled nut in the yoke contracts a split bushing over 
the measuring stem, thus locking it in any desired position. The 
measuring point and the anAul against which it strikes are care- 
fully hardened and ground, making the surf aces’ parallel planes. 

The micrometers of this class are usually provided with a 
screw having forty threads per inch. The barrel is graduated to 
tenths and fortieths of an inch. Thus one revolution of the 
screw advances the thimble one division on the barrel, which 
equals 1-40 of an inch or ,025 inch. As the circumference of the 
thimble is divided into twenty-five equal parts, 1-25 of one 
revolution of the screw advances the measuring point 1-25 of 
1-40= i-iooo of an inch. When the end of the measuring point 
and the anvil come in contact, the zero points on barrel and 
thimble should coincide, thus avoiding the necessity of a cor- 
rection for each reading. As the measuring faces and screw wear 
slightly, it is necessary to provide some means of adjustment in 
order to keep the zero reading correct. In this particular instru- 
ment the barrel may be rotated on the shank sufficient to bring the 
lines correct. In others the anvil may be forced ahead by means 
of a small screw in the yoke. 

As these instruments are graduated to read decimally, a table 
of decimal equivalents is usually stamped on the sides of the yoke, 
eighths, sixteenths and thirty-seconds on one side, and sixty- 
fourths on the opposite. 

In Fig. 77 is shown a micrometer caliper to take sizes between 
one and two inches. When the zero points coincide, the face of 
the measuring point is exactly one inch from the face of the 
anvil. A i-inch reference disc, hardened, ground and lapped to 
size is furnished with each caliper with which to test the correct- 
ness of the setting. 

Although a half, or even a fourth of one-thousandth can be 
quite readily approximated on the reading, which brings it within 
the accuracy limit of all ordinary work, it is frequently desirable 
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to get at these fine readings more closely. For this purpose the 
vernier is aiDpiied to the barrel, as shown in Fig. 78. It consists 
of ten parallel rulings on the barrel, occupying the same space as 
nine of the twenty-five divisions on the thimble, which makes the 
spaces on the barrel one-tenth shorter than those on the thimble, 



thus giving i-io of 1-25 of 1-40=1-10,000 of an inch. This 
refinement can be relied upon only when the greatest care is 
exercised in making the measurements, as the slightest excess of 
pressure on the screw over that at which the caliper is adjusted 
will spring the instrument more than the minute distance it is 
expected to indicate. Calipers graduated to ten-thousandths should 



FIG. 7S. 

be used only where fine measurements are required as the wear 
due to common use will shortly impair their accuracy for the> fine 
measurements. 

In the use of the micrometer caliper it is important that the 
pressure of the measuring point against the work is the same as 
the pressure of the point against the anvil when the zero setting 
is made, as it is quite possible for a careless workman to force the 
screw enough to set the thimble zero two or three thousandths past 
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its zero ^oii. For all ordinary work the following method 
"'” 1 ^ -^ive well; Adjust the caliper so the zeroes will coincide 
when the thimble is turned with just enough pressure to. raise 
the yoke to a horizontal position. In calipering, hold the work in 
a vertical position, and with the caliper in the right hand adjust 
the measuring points onto the work until the yoke again comes up 
to the horizontal position, thus insuring practically the same pres- 
sure between point and work as between point and anvil when the 
zero setting was made. 

For very fine work the application of the friction drive to the 
thimble is an advantage. In Fig. 79 is shown a micrometer head 
having such a device. The knurled extension contains a ratchet 
which, when the pressure reaches the desired point, slips. In 



backing the screw the ratchet engages the pawl, making a positive 
drive. The advantage of the ratchet over a plain friction is that 
the screw can be backed more rapidly without slipping. 

In Fig. 80 is shown the Brown & Slwpe thread-measuring 
micrometer used for the accurate measuring of United States S 
and V threads on screws, taps, thread gauges, etc. The end of the 
measuring point is a 60 degree cone and the “anvil” is V-shaped. 
Enough is cut from the end of the measuring point and the bottom 
of the V carried sufficiently deep* to prevent a bearing on the top 
or bottom of the thread thus giving the bearing on the sides of 
the threads. 

When the point and anvil are together as shown in Fig. Si, 
the line through the plane A B represents the zero position and 
moving the measuring point back any fixed distance separates by 
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that amount the position of the plane that cuts the point 

from the same plane m the anvil. 

As a sharp \' thread is in section an equilateral triangle, the 
sides of the threads are equal to the pitch of the thread and the 
depth of the thread is equal to the side multiplied by .866* — the 
pitch X .866/N where N equals the number of threads 

per inch. 

As the pitch line is ohe-half the depth of the thread on each 
side, the ])itcli diameter is the whole diameter less the depth of 
one thread. The caliper reading* is therefore in any case the full 
diameter less the depth of one thread, which is determined as 
a1)ove. 

For the United States Standard threads the pitch diameter is 
greater than for the V thread, inasmuch as it is flattened at top and 



root an amount equal to one-eighth of the pitch, thus making its 
depth one-fourth less than with the V threads. In determining the 
caliper reading for the United States S thread the constant is 
three-fourths of .866, or .6495, which divided by the number of 
threads and subtracted from the normal diameter gives the caliper 
reading as before. 

Micr{:>metcr calipers of greater capacity than 2 inches have 
until recently, been little used. The introduction of the reliable, 
moderate-priced caliper, shown in Fig. 82, has met a popular 
demand for a yoke caliper of large size. It is a much more con- 
venient tool for the workman than fixed caliper gauges. The 
yoke section, is a bulbed I, which gives light weight, strength and 
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an excellent grip for the fingers. All adjustments for wear are 
in the head. For the table of decimal equivalents usually stamped 
on the yoke the following is substituted : Every fifth graduation 
on the barrel (.125 inch) is extended, and beginning at the zero 
marked i to 8, inclusive, thus giving an inch graduation by 
eighths. On the thimble are stamped the decimal equivalents for 
I-16 inch, 1-32 inch and 1-64 inch, thus giving a contracted 
■conversion table, the application of which requires at most only a 
simple calculation, thus, 23-32 inch — ^ 4 , inch -f- 1-16 inch -I- 
1-32 inch. Set to the 5 and add the sum of the decimal equivalents 
for I -1 6 inch (.0625 inch) and 1-32 inch (.0312 inch ) = *0937 
inch, which should be set back from the ^ in the ordinary manner. 
This does not interfere with reading the caliper decimally in the 
ordinary way. 

This caliper is made in twelve sizes, from i to 12 inches. The 
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I -inch to 6-inch sizes have yokes made from drop forgings of 
bar steel, and the larger sizes have yokes made of steel castings, 
all neatly finished and japanned. The face of the anvil is formed 
by a hardened steel plug of same diameter as the end of the 
measuring point. 

The measuring range of each size is i inch, and for adjustment 
of all sizes other tlan the i-inch caliper, standard end measure 
test pieces are required. 

In calipers of this class the yoke is frequently lagged wdth 
wood or hard rubber to prevent the expansion and ednsequent 
inaccuracies that arise from handling with the warm hand. 

A form of yoke micrometer in which provisions are made for 
a wider range of measurements is shown in Fig. 83. It is made 
in four sizes having a range of from 0 to 12 inches. The anvil 
is mounted in the end of a spindle, which is provided with stops 
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exactly 1 inch apart. A slight turn of the anvil spindle when 
either stt.>p is to hie used brings it firmly against its seat, in which 
position it is securely clamiied. 

Hearn micrometer calipers are illustrated in Figs. 84, 85 
and 8d. 

In each case the regular micrometer head of one inch capacity 
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FIG. 86. 


is mounted ui'ion a suitable slide which moves over the beam of 
(lie insInitiK'iil. Three distinct methods, however, of making the 
several inch settings .arc employed. 
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In Fig. 84 the inch settings are made to accurately graduated 
rulings on the beam. 

In Fig. 85 these settings are made by inserting the tapered 
steel pin in the holes in the sliding jaw and their corresponding 
holes in the, beam. A separate set of holes is used for each set- 
ting. The holes are bushed with hardened steel bushings ground 
and lapped to fit the tapering plug. 

In Fig. 86 is shown a beam micrometer of six inches capacity. 
The sliding jaw^ carries a regular micrometer screw head of one 
inch range and moves over a cylindrical barrel in which is an 
accurately bored hole to receive three end measure test pieces, 
one, two and three inches long. An arm on the head extends into 
the liore through a radial slot in , the cylinder, and by means of 
the test pieces enables the setting of the head at fixed distances 
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one inch apart. A zero mark on the cap and barrel determines 
the proper presstme on the test pieces for each setting. 

The capacity of the beam micrometer for measuring flat work 
is limited only by the length of the beam. For round work the 
height of the jaws limits the diameter, usually to about 4 inches, 
since in order to keep the weight of the instrument within rea- 
sonable limits it is not advisable to make the jaws much greater 
than 2 inches high. 

In Fig. 87 is shown a bench micrometer for measuring all 
sizes, from zero to 2 inches. It has a twenty-thread screw with 
fifty divisions on the dividing head, thus giving direct readings 
to i-iooo of an inch. The zero adjustment is obtained by turn- 
ing the head on the screw, it being held in position by a lock 
nut. As a bench machine its simplicity and convenience rec- 
ommend it for general shop use. 
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The Pratt & Whitney standard measuring machine shown in 
Fig. 88 is an instrument of precision for originating and dupli- 
cating standard dimensions. It is a beam micrometer of the 
greatest refinement as to design and construction. 

The bed is very heavy and rests upon three neutral points to 
overcome flexure and effects of changes of temperature. Resting 
on the side of the bed is a standard measurement bar in the 
surface of which are inserted hardened steel plugs at intervals of 
one inch. On the polished surface of each plug is a very fine 
ruling, the distance from ruling to ruling being one inch at 62 
degrees Fahrenheit within a limit of error of 1-50,000 of an inch. 
To one end of the bed is secured a headstock which carries the 
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fixed measuring point. This point is secured in a plunger backed 
up by a light helical spring. Secured to the plunger is an 
auxiliary jaw which holds betw’een its face and the face of another 
jaw secured in the head a small cylindrical plug gauge by friction 
alone. The tension of the spring is sufficient to hold the small 
gauge at an angle from the vertical. 

The movable head carries the micrometer which consists of a 
50-thread screw and a dial having 400 divisions with an adjustable 
zero arm. The microscope with micrometer eyepiece is secured 
to the movable head in such a position as to cause its line of sight 
to pass over the rulings on the plugs when the head is moved 
from end to end of the bed. 



CALIPERS. 


79 ' 


In obtaining the zero setting the micrometer screw is run all 
the way out and the zero on the dial made to coincide with the zero 
on the adjustable arm. The measuring points are next brought 
in contact, approximately by means of the fine adjusting screw 
shown at the rear of the movable head and exactly by a slight 
movement of the micrometer dial. When the pressure between 
the measuring points is just sufficient to allow the ‘‘sensitive 
piece’’ above referred to to drop to a vertical position but not to 
fall out, the zero on the adjustable arm is made to coincide with 
the zero on the dial and the hair line in microscope to coincide 
with the ruling on the first plug. 

In making a measurement the movable head is carried back 
and the microscope made to read on the ruling on the plug which 
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corresponds to the whole number of inches to be measured; the 
“sensitive piece” is inclined from the vertical ; the piece to be 
measured is placed upon the supports shown and the measuring 
points adjusted against it with just the amount of pressure re- 
quired to cause the “sensitive piece” to swing to the vertical posi- 
tion. The reading is then taken. The slightest excess of pressure 
will cause the ‘'sensitive piece” to drop out. 

The direct reading on the dial is 1-20,000 of an inch, and one- 
half of this amount can be quite readily approximated to. In deal- 
ing with such minute variations in dimensions the utmost care must 
be observed in the manipulation and especially in the effects of 
changes in temperature. 

Fig. P9 shows the Sweet’s measuring machine, which is made 
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in 4, 6 and 8 inch sizes, and may be classed under the head of 
bench micrometers. This instrument, which is intended for 
practical shop uses, reads as regularly furnished to i-iooo and 
1-1280 of an inch. When required a vernier is used on the head,' 
which gives readings of 1-10,000 of an inch. The range of meas- 
uring screw is I inch, test pieces being furnished for setting the 
sliding anvil to the inch zero positions. 

Fig. 90t7 shows a portion of the measuring head. A i-io inch 
pitch trapezoidal thread measuring screw is employed. This form 
of thread gives a square bearing on its work side, and the quick 
pitch facilitates rapid adjustment. The knurled thumb nut drives 
through a friction. The outer disc of the dial is divided to hun- 
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dredths, thus giving for each division i-ioo of i-io = i-iooo of 
an inch. The reading is made on the front edge of the index bar. 

For the fraictional readings the left-hand disc is used. It is 
divided into 128 parts, and every eighth division numbered, as 
shown in Fig. 90a. One revolution of the screw equals i-io of 
an inch — 128 divisions on the dial, whence one division — i-io 
of 1-128 = 1-1280 of an inch. The upper edge of the index bar 
is graduated to sixteenths for convenience in getting the ap- 
proximate setting. All reading's are, however, made on the fiont 
edge of the bar. 

Referring to Fig. cjob : Following the straight lines from o to 
T 2, 3, etc., hack to zero (16) five complete revolutions are made, 
wlhch ’carries the screw back inch. Then every five divisions 
.are 5-16 of i-io f= 1-32 of an inch at the measuring point,, and 
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every divisions equals 1-64 of an inch; and since each division 
is divided into eight equal parts on the disc, 1-128, 1-256 and 
1-1280 may be found by using* 10, 5 and i of these small divi- 
.sions, respectively. For example, in Fig*. 90 the reading line is 
6-32 inch beyond the 16-32 (.5) inch mark = 22-32, and the 6 
on the disc should nearly coincide with the 22-32 division. Bring 
the 6 to read at the lower edge, and the measuring point will be 
22-32 inch from the anvil. If 23-32 inch had been wanted, the 7 
on the disc would have been brought around to the reading edge. 
If 47-64 inch was required, the 7 would be carried past the read- 
ing edge twenty divisions and in like manner ten more divisions 
would make it read 95-128 inch. 

Any error in the pitch of the measuring screw which would 
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affect the number of turns per inch is corrected by setting the 

inde;v bar at an angle with the axis of the screw. Assume, for 

example, that the ten turns of the screw advance the measur- 
ing* point i-iooo inch too far. The screw is too long, and less 

than ten revolutions should be made by an amount equal to one 
of the divisions on the outer disc. The outer end of the index 
finger will be raised this amount above the inner end gx*adua- 
tion. This corrects the error proportionately from end to end of 
the screw. 

An example of the inside micrometer caliper is shown in 
Fig. 91. It is used for making inside measurements and reads 
to thousandths through a J^-inch range. The instrument shown 
with its extension rods makes ^ any measurement between 3 and 6 
inches. The nut and check nut on the extension rods may be 
adjusted down to compensate for any wear of the points. 


CHAPTER VI. 

GAUGES AND 3 NDICATDI^S. 


There is nothing more confusing, to the yottiig mechanic than 
the use of the several systems of gauges used in designating 
the sizes of wire, machine screws, drills and plate thicknesses. 
Unfortunately, most of these dimensions differ from each other 
for corresponding numbers by comparatively small amounts, yet 
an amount sufficient to cause error if the one is mistaken for 
the other. The following table gives for comparison values for 
only a few numbers under each of the several gauges in most 
common use : 


No. of Gauge. 

American or 
Brown & 
Sharpe 

Gauge, 

English, Bit- 
mingham or 
Stubs’ Wire 
Gauge. 

. Imperial 

Wire Gauge. 

Stubs’ Steel 
Wire Gauge, 

Stubs’ Drill 
Gauge. 

United States 
Standard 

Plate Gauge, 

Steel Music 
Wire Gauge. 

Standard 

Machine 
Screw Gauge. 

I 

.2893 

.3 

•3 

.227 

.228 

.28125 

.0156 

1 

■ .071 

5 

.1819 

.22 

.212 

.204 

•2055 

.21875 

.0202 

.124 

10 

.10189 

•134 

.128 

.191 

.1935 

.14062 

.027. 

.i8q 

15 

.05707 

1 *072 

.072 

.17S . 

.18 

.07031 

•0345 

•255 

20 

.03196 

.035 

*035 

1 

.161 ! 

. 161 

•0375 

.0434 

.321 


The dimensions are purely arbitrary. The American, or 
Brown & Sharpe gauge, wms brought out in the production of a 
gauge to overcome the irregularities in .spacing of the Birmingham 
wire gauge. In this gauge the dimensions increase by a regular 
geometrical progression. ' The largest dimension is No. oooo, 
which equals .46 of an inch. The next smaller number, 000, is- 
obtained by multiplying .46 by the constant .890522. This pro- 
duct again multiplied by the same constant, gives the next smaller 
number, and in like manner each number is the product of the 
preceding number and this constant. comparison of the Eng- 
lish and American gauges is best shown in Fig. 92, where the 
peculiar irregularities of the former are plainly shown. 

The Imperial wire gauge differs but little from the English. It 
was adopted by the English Board of Trade in 1884 as a substi- 
tute for the Birmingham gauge. The Stubs' steel wire gauge 
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differs materially from those above cited. Its range carries it 
from No. i to No. 80, variations in dimensions being indicated 
to the nearest thousandths of an inch. The difference be- 
tAveen consecutive numbers dififers in dimensions from one to at 
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most only a few thousandths, the eighty numbers carrying it 
through but .214 of an inch. 

It is extremely unfortunate that a single standard gauge could 
not be adopted and used to the exclusion of all others, at least 
in our own country, and thereby avoid all the confusion incident 
to the promiscuous use of the several so-called standards. Even 
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the manufacturers of brass and copper stock, who have adopted 
the American standard, do not confine themselves exclusively 
to this gauge, as much of their product is still gauged by the 
English system. 

The Stubs’ drill gauge varies from the Stubs’ steel wire gauge 
by from 0 to 3 thousandths of an inch oversize, which is simply 
the average oversize, determined by a great number of measure-' 
ments, of wire drawn through Stubs' wire gauge dies, and might 
be compared with a maximum limit gauge, as the dies, when 
worn to such an extent as to produce wire over the sizes indi- 
cated by the drill gauge, are replaced by new ones. 

It will be noted that as the designating number of the gauge 
increases, the dimensions decrease for all except the steel music 
wire and machine screw gauges, which increase in diameter as 
the number increases. This also tends much toward confusion, 
and may be looked upon as another anomaly of the present 
gauge systems. 

The gaug*es, or tools for indicating the gauge of wire or plates, 
are of two forms, the angular and the notch. The angular gauge 
is shown in Fig. 93. With this tool the measurement is made 
Iw passing the screw, wire or j^late into the angular opening 
until it touches both sides ; the reading opposite the point of con- 
tact giving the gauge of the material. When used for gauging 
plates, this g'auge should be made with open end, as shown at 
C. On the one side is graduated the English and American 
standards, and on the other the machine screw gauge and parts 
of an inch. The notch gauge is shown at A in Fig. 94. In using 
this tool the article measured should just pass through one of the 
slots, the number opposite indicating the gauge. These gauges 
may be had with the decimal equivalent of each size stamped on 
the back of the tool, which will frequently be found a great 
convenience. Another form of notch gauge is shown at B in 
Fig. 94. This is called a rolling mill gauge, and is used for 
gauging sheet metals. They may be had either in the English or 
Ehiited States standard plate gauges. 

As there is considerable wear upon gauges of this class, and 
especially those of the notch pattern, it is important that the}" 
should be made of good steel, carefully hardened and tempered. 
In order that tools of this character can be put upon the market 
at a reasonably low price, high accuracy requirements in their 
manufacture cannot be attempted. For all ordinary gauging they 
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will be found sufficiently accurate, and when greater exactness 
is demanded the micrometer caliper should be used, the decimal 
equivalent of the gauge required being taken from a table on the 
back of the gauge. 

In Fig. 95 is shown a drill gauge, Stubs’ drill sizes, from No. 
I to No. 6o. A smaller size with holes from No. 6i to 8o, is 
made. It may also be had with holes from i-t6 to inch, vary- 
ing by 64ths, the latter being known as the ’’ jobbers’ ” firill 
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gauge. As it is not practical to attempt to stamp the sizes on 
very small drills, these gauges are quite necessary. 

The nut and washer gauge shown in Fig. 96 is so graduated 
as to show readily the diameter of holes within its capacity. A 
very convenient feature in this gauge is the dimensions giving 
sizes of holes to tap United States standard threads. A gauge 
of this kind will be found excellent for measuring small holes 
or narrow slots, which are too small to be calipered, and fre- 
quently in inaccessible places where they cannot be scaled. 
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In Fig. 97 is shown a center gauge, which, as its name indi- 
cates, is used for gauging lathe and other machine centers, in 
turning or grinding them. It mar also be used as a gauge for 


95 * 


FIG. 96. 



FIG. 97, 


grinding and setting threading tools, a number of its uses in this 
connection being clearly shown in this figure. The angles are 60 
degrees, and the table of efl^uivalents shown is to determine the 

\ 
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proper diameter of hole for tapping full V threads. In this table 
the numbers in the first and third columns are threads per inch, 
and those in the second and fourth columns the double depth of 
V threads of the corresponding pitches. Thus the tap drill for 



a tap, 10 threads per inch, would be .75 — .173 = .577 ~ 37-64 
inch. 

The screw thread gauge is shown in Fig. 98. The one 60 



degree V notch will gauge all V threads; the others, however, 
are flattened at the root by the amount the top of the thread is 
cut oit in the various pitches of the United States standard 
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thread. These gauges are for use in grinding threading tools, 
and inaj' be had for worm, Whitworth and ‘‘Acme standard” 
threads, • 

The screw pitch gauge, Tig. 99, has a large number of thin 
blades, which fold up into a suitable handle. Each blade has 
two or more teeth, of the pitch corresponding to that stamped 
on the blade. By direct comparison with a screw thread the 
exact pitch may be determined without the danger of errors 
that arises when the threads are counted over the edge of a rule. 
The decimal following the pitch number on each blade is the 
double depth of the thread. The thickness gauge, shown in Fig. 
100, consists of a number of thin steel leaves, varying by thou- 



sandths in thickness. The leaves may be used singly or together, 
thus making any thickness desired within the limits of the tool. 
The value of a tool of this kind can only be learned by having one 
in the vest pocket, where its convenience to hand will find many 
chances for its use. 
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The depth gauge, an examn^'^ of which is shown in Fig. loi, 
is used for ineasiring the dep^ 1 ^ f holes or recesses. The blade 
should be narrow, and for work graduated on one edge 

to 64ths and on the other to looths. The beam or head, when six 
inches long, will meet most general requirements. This tool will 
be most highly appreciated^by the man who has often attempted 
to measure carefully the exact depth of a recess by holding two 



slippery steel rules at right angles to each other between his 
thumb and lingers, and attempted to read the one over the edge 
of the other. For very accurate depth measurements these gauges 
are made in a micrometer pattern, which is graduated to read 
directly to thousandths. 

While on the subject of gauges we should not overlook the 
simple yet useful one shown in Fig. 102. The scratch gauge con- 
sists of an arm, preferably graduated, carrying a sliding guide, 
which can be clamped at any position on the arm, and provided 



90 


MODERN MACHINE SHOP TOOLS. 


with a shoit, hard and sharp scriber at the end. This tool is used 
in ruling lines parallel with the edge of work. 

In Fig, 103 is shown one of the many types of surface gauges. 
Although this tool comes last in the long list of useful gauges 
above illustrated, it is by no means the least important, as the 
machinist undoubtedly uses it more in general machine shop 
operations than all the others combined. The principal use of 
this tool is in determining the parallelism of one plane with an- 
other, usually the surface of the work with the machine table, 
housing, cross-rail or other reference planes. In testing, erect- 
ing and setting up work on machine tools the surface gauge is 
indispensable. 

The simpler the gauge is made the better it is, as numerous 
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tricks and devices on a tool of this kind usually complicate and 
decrease rather than increase its value. In setting the point of the 
needle to a line or point the clamping screw should be so adjusted 
that the needle moves smoothly yet with considerable friction. 
The power applied to the needle to turn it should be on the 
opposite side of the fulcrum from the work, as in that case the 
spring of the .needle is outside of the fulcrum and the point stays 
where placed. If the force is applied inside the fulcrum the 
spring will make it difficult to set the point as desired. When, as 
with the gauge shown, a screw adjustment is provided, the exact 
setting is made with .this adjustment. 
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111 Fig. 104 is shown a form of adjustable limit gauge. 
When used as a limit gauge the outer screw, is adjusted 
to the maximum allowable dimension and the inner screw to 
the smallest allowable dimension. The work to pass inspection 
must pass through the outer gauge and not 
This tool when used as a snap gauge is provided with but o 
screw It is customary to set the gauge on a plug or other 
standard and by means of the jamb nut, lock the screw m posi- 
tion The screws and anvils are hardened and ground. ^ ^ 

A test indicator is a tool used in determining small variations 
from the true rotation of a cylindrical surface and irregularities 
or inaccuracies in its cylindrical truth. It can also be used in 
determining the inaccuracies of a plane surface, and small 
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amounts of end or lateral motion, as for example, the end motion 
of a spindle or the deflection, give or wink between gibbed sur- 
faces etc. These .tools are of two types ; those which simply in- 
dicate, and those which give a reading that shows the _ exact 
amount of the error or untruth. In Fig. 105 is shown an instru- 
ment of the latter class. The adjustments of this tool are qiute 
evident from the figure. The long pointer, the one end of whi J 
moves over a graduated arc with readings to one one-thousandth 
of an inch, as fulcrumed; bears the hardened point, which comes 
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in contact with the surface to be tested. The reading is magni- 
fied by the long pointer, and the zero of the scale is at the cen- 
ter of the arc, which reads ten-thousandths of an inch each -side 
of this point. A light spring, secured to the pointer, and held 
between adjusting screws near the pivot, provides for the con- 
venient adjustment of the pointer to the zero reading, no matter 
what the position of the arm. 

Instruments of this character must be carefully made, and are 
of great value in the erection and testing of accurate machinery. 
When, however, only an indication of .untruth is reciuired, as in 
the chucking, centering or setting up of work, a much cheaper tool 
serves the purpose, as for example, the one shown in Fig. roG. In 
this tool the pointer is held in a universal socket, which is carried 
on the end of a bar of suitable form to clamp in the tool post 
of the lathe. If the point is brought against the rotating work, 
the amount of motion at the outer end of the pointer indicates 
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the extent to which the work is out and the way in which to move 
it in truing. It is a superior method of truing nice work, which 
will not injure its surface, as is so apt to be the case when trued 
to the point of a lathe tool. 

One of the neat applications of this tool is in the centering of 
a piece of work, in the chuck or against the face plate, to a point. 
The sharp end of the indicator pointer, is set in the point to be 
centered, and the work revolved. This causes the outer end of 
the pointer to describe a circle, the diameter of which deter- 
mines how much the point is out of center. By properly set- 
ting the instrument this circle will he described around the tail 
center, and when the work is exactly centered the pointer re- 
mains stationary in front of the tail center. 

The above serve to illustrate a few of the many applications 
of an exceedingly satisfactory, 3"et not extensively used, class of 
test tools. 



CHAPTER VIE 

RULES, SQUARES AND OTHER SMALL TOOLS 

No tool in the machinist's kit is more often referred to than 
the steel rule. Upon it he depends in making all ordinary meas- 
urements and for the setting* of his calipers and dividers. In 
Fig. 107 is shown a standard steel rule or scale. They are made 
in various lengths, from one to forty-eight inches, with any de- 
sired gradation, not exceeding i-ioo of an inch in fineness. For 
shop work the graduation most used is eighths, sixteenths, thirty- 
seconds and sixty-fourths, on the four corners of the scale. A 
scale graduated sixteenths, thirty-seconds, sixty-fourths and one- 
hundredths is convenient, as the looth graduations will serve 
for measurements when required in decimals. Where all the 
work is measured by fractions, however, the former is the safest 
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ruling to use, as there is then no danger of inadvertently mis- 
taking a tenth for an eighth division, etc. For this reason, rules 
graduated in twelfths and fourteenths should not find their way 
into the machinist s tool box, as he will not have occasion to 
use these divisions, and their presence will call for greater care 
in selecting the proper division, with the loss of time incident to 
changing ends with and turning over the rule in order to get 
at the division required. The end graduation, as shown in Fig. 
108, is frequently very convenient in taking measurements -in re- 
cesses where the length of the scale would prevent the use of the 
regular graduation. 

Standard steel rules, as made by our leading makers, are re- 
markably accurate. To be sure, the length varies slightly with 
the changes in temperature, but these changes are not ordinarily 
great, and the material measured is usually affected about the 
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same amount in the same direction ; so we may feel assured that 
any errors arising from this source are well within the limit of 
the personal error of the operator in making a measurement. 

The late refinements in the manufacture of steel rules have 
enabled the production of very accurate tempered ones on com- 
paratively thin steel. What we usually know as the standard 
rule, however, is graduated on thick steel, and is not tempered. 
The tempered rules possess the decided advantage of resistance 
to wear. An untempered rule is easily mutilated, and soon 
rounds its corners through wear, making its ends unfit for ref- 
erence. The tempered rules may be classed as heavy, tempered, 
semi-flexible and flexible. The heavy are about one-tenth ; the 
tempered, one-twentieth ; the semi-flexible, one-fortieth, and the 
flexible one-eightieth of an inch thick. For general work the 
heavy o-r tempered will be found best suited. The flexible are 
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graduated on one side only, and are of value in measuring curved 
or irregular outlines. 

In this connection it will be well to call attention to the gear 
rule shown in Fig. 109. Its application is* in the sizing of gear 
blanks and vrhere, by rule of thumb, two diametrical pitches are 
added to the pitch diameter of the gear in obtaining the whole 
diameter. Thus, if the pitch is No. 7 diametrical and the num- 
ber of teeth 34, then the pitch diameter = 34-7 = 4 6-7 inches, 
and the blank or whole diameter = 4 6-7 -f* 2-7 = 5 1-7 inches, 
which can be taken directly from the scale. This rule is of great 
convenience where many blanks for varying pitches and num- 
bers of teeth are to be sized. 

In Fig. no is shown a neat kink which will be found of value 
in taking measurements similar to the ones shown in the figure, 
as well as for setting inside calipers. The hook may be quickly 
removed. It is hardened, and in connection with a tempered 
rule forms a reliable tool. 

In Fig. Ill is shown a standard steel square. This tool is 



RULES, SQUARES AND OTHER SMALL TOOLS. 95 

made of cast steel, tempered and accurately finished. The two 
sides of the angle are called the blade and the beam, the length 
of the blade being measured from the inside of the beam. The 
form shown in Fig. 112 is preferable when the length of the 
blade exceeds eighteen inches, as it can be more readily repaired 
in case of accident. 

Either of the methods shown in Figs. 113 and 114 may be used 
by the machinist in testing the accuracy of a square, the latter 
being the more exact of the two. In Fig. 1 13 A is a plane plate 



of iron with one edge, B C, perfectly straight. The surface A 
should be smooth and true. The square is first applied as shown 
at F and a fine line D E scribed along its edge. It is then re- 
versed to position G, when, if the edge exactly lines with the 
ruling D E, the square is correct. If, however, the edge and line 
do not coincide, the square is inaccurate by one-half the v^ 
tion as shown. Since this method depends for 

the eye of the operator it cannot be called an ex . " 

• 'to refer to a 

method shown in Fig. 114 reduces the amount 

error, since the eye detects readily the ray of 

through an exceedingly small opening. In th-^’ “ . ^ I 

each other and 
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cier A, which . has been ground accurately parallel and faced on 
the lower end slightly dishing, rests on a plane surface, a stand- 
ard surface plate being best suited to this purpose. As the sur- 
face of the cylinder is at right angles to- the surface of the plate 
the square can be compared with this angle by placing it as 
shown in the figure. 

For most general work the thin steel squares shown in Fig. 



1 15 serve very well. They are cut from sheet steel, carefully 
made but not hardened, and are usually graduated, as shown, on 
both sides. 

The combination square shown in Fig. 116 is a satisfactory 
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in taKix>;^. „ 

as well as f,*^h careiul use, retains its accuracy. The blade is 
removed. It required length, which is of special value 

rule forms a\ ^asuremehts. The 45 degree angle is of fre- 
In Fig. Ill, be centering. head which is used on the blade 
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as shown. The blade is a standard steel rule, splined to receive 
the key which draws the edge of the blade close to its seat in 
the beam. 

In Fig. 1 17 is shown a box square, or as it is more commonly 
known, a key seat rule. With this tool lines upon a cylindrical 
surface parallel with the axis may be drawn. While it is in- 
tended for use on external surfaces, as shown at A, Fig. it8, it 
will at times serve a good purpose on internal, as shown at B, 
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same figure. A form of box square, shown in section in Fig. 
119, possesses the advantage of wider range than that of Fig. 117, 

In Fig. 120 is shown a pair of key rule blocks attached to a 
common steel rule thus making a very simple and efficient key 
seat rule. 

For a great deal of his work the machinist is satisfied with 
using the edge of a good steel rule to determine its straightness ; 
but when he wants to know to a certainty that the work is 
straight it is a source of great satisfaction to be able to refer to a 
standard straight edge Such a straight edge is shown in Fig. 
121. It is a piece of steel of thickness depending on its length, 
nicely finished, with its two edges parallel with each other and 
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straight. They are regularly made up to six feet in length, such 
a tool being about three inches wide by three-eighths of an inch 
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thick. Up to four feet in length they are frequently tempered on 
the edges. 

A cast iron or surface straight edge is shown in Fig. 122. 


These tools are designed for an entirely different class of work 
than the one shown in Fig. 12 1. The edge is wide and scraped 
to a true plane, with the body so formed as to best resist defiec- 
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tioii from its own weight and distortion due to changes in tem- 
perature. These straight edges are used in the production of 
long plane surfaces like planer bed V’s and lathe shears, pre- 
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cisely as the surface plate is used in the production of broad 
plane surfaces, and they are generally much larger and heavier 
than the style shown in Fig. 121. 

Hack saws are used for severing purposes, both by hand and 
power, the comparatively recent introduction of the power 
hack saw machine having increased many times the possible use- 
fulness of the hack saw blade, a cut of which is shown in a hand 
frame in Fig. 123. The original Stubs^ and German blades were 
soft enoug'h to be sharpened by filing, were made of excellent 
material, and were high in price. Their expense and the trouble 
required to keep them properly sharpened limited their use to a 
narrow range. The bringing out of the modern hard blade, at a 
price sufficiently low to warrant throwing it away as soon as it 
became too dull to do satisfactory work, has practically super- 



seded the old blade and made the hack saw one of the most 
important tools in the machinist’s kit. 

Flack saw blades are made with fourteen teeth per inch for 
general work. When, liowever, they are to be used on tubing • 
or thin metal a greater number of teeth is advisable, as they 
will not bite so freely, and the danger of stripping the teeth is 
much less. For this purpose blades having twenty-five teeth 
per inch may be had. 

As with a file, the fineness of the bite depends on the number 
of teeth in contact with the work. The judgment of the operator 
must, therefore, determine what pressure to apply on the saw 
for the varying conditions of cut. As with other cutting tools, the 
hack saw does more work and stands up to it better when the 
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pressure is sufficient to make the teeth cut free, rather than 
scrape and glaze the surface, as is the i'esult when the pressure y' 
is too light. The blade must be strained in the frame to prevent 
its kinking'. The strokes should be uniform, not exceeding forty / 
per minute. Oil should not be used on the teeth, as it decreases 
their cutting efficiency. Blades are regularly made from six to 
eighteen inches long, those exceeding twelve inches being little 
used. For any work the blade should be as short as possible, as 
the cost of the blade and danger of breakage increases with its 
length. Blades longer than eight inches for hand and twelve 
inches for power frames are seldom required. The frame should 
be stiff. In this i^espect the non-adjustable, or solid one, shown 
in Fig. 124, is preferable. A\l hand frames should be so con- 
structed that the blade can be faced at right angles to the posi- 
tion shown in the figure, which is cjuite necessary when a deep 
cut is to be taken near the edge of the work. 

Everybody uses the screw driver, yet how seldom, even among 
mechanics, do we find it properly ground. In Fig. 125 is shown 

at A an edge view of the point of 
■-J a screw driver, as usually ground; 

and at B a view showing how it 
should be ground. When the 
A B screw driver, A, is applied to the 

J slot of the screw head it bears only 

pc at the center of the upper edges, 

C and D, of the slot, and the force 

L J _| required to turn the screw forces 

the driver out of the slot, which 
FIG. 125. injures, if not completely ruins, the 

head of the screw. With B the 
case is different. The parallel sides of the bit take squarely 
a hold of the sides of the ^iot and the screw is driven without in- 
jury, and with much less exertion than in the former case. The 
screw driver should be'^made of good tool steel and given a tough 
temper. 

In Fig. 126 is shown that much used tool, the monkey wrench. 

This is a genuine wrench, and should only be used as such. It 
should never be ij^ed as a hammer ; neither should it be expected 
to stand all the force a thoughtless workman can apply at the end 
of four feet of gas pipe slipped over the handle as an extension. 

Jt should, however, when properly closed on the flats of a nut, 


FIG. 125. 
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Stand safely all che average man would care to exert with both 
hands on the handle. xYs the nut often starts more easily with a 
quick jar or shock than by the application of a steady force, it 
is permissible to strike the end of the handle in the direction 
shown by the arrow with a rawhide or wooden mallet, or the 
end of a soft block of wood. The operator's judgment must 
determine how heavy a blow he can safely use. 

The surfaces A B should be smooth, plane, and parallel with 
each other. These wrenches usually fail by bending* at C. If 
the bend is slight, A can be most easily made parallel to B by 
filing, but when badly bent it should be carefully straightened. 

The jaws of the wrench and the nut or square upon which it 



is being used will be least injured when the jaws are closed 
firmly on the work. This necessitates slackening them slightly 
and closing again every time the wrench is changed. By giving 
the hand a" slight rolling motion around the handle, with the fore- 
fing'er against the knurled head of the wrench screw, a sufficient 
amount of motion can be given to the sliding jaw to close on 
and release from the work without loss of time. 

The sliding jaw, due to its long bearing* on the shank, is much 
stronger than the fixed jaw, consequently the wrench should be 
operated in the direction of the arrow, Fig*. 126. An examina- 
tion of Fig. 127 shows that when turned as above indicated the 

maximum pressure comes at B and C, which places the shorter 

#> 
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leverage on the weaker jaw. If turned in the opposite direc- 
tion the pressure conies at D and E, which increases the bending 
tendency at F, and also the pressure on the screw. 

The great variety of combination wrenches on the market pos- 
sess little merit. When we use a ivrench we do not want to have 
a hammer, a screw driver,, a nail puller; and a dozen other ^hiscftil 
tools’’ in our wav at one time. 

When finished standard nuts are to be turned the solid wrench 
is preferable to the adjustable, as it can be made to fit closely 
to the nut with less danger of injuring it. In Fig. 128 is shown 
a finished case-hardened, solid wrench. The angle of the open 
end is fifteen degrees with the length of the handle, which enables 
a hexagon nut to be turned when the wrench can be carried 
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through thirty degrees only. These wrenches may be had double 
ended. The box wrench has a closed opening, as shown in Fig. 
129. This particular form is commonly called a tool post wrench. 

The socket wrench, shown in Fig. 130, is made for square and 
hexagon nuts and cap screws, which are to be operated upon in 
deep or inaccessible places. When a great many small nuts are 
to be quickly set, the socket wrench, in Fig. 13 1, operated in a 
bit bracCj does the work rapidly. 

It frequent!}' happens that a nut must be turned which is in 
so inaccessible a place that the handle of the wrench can be car- 
ried through only a few degrees. In such cases, the ratchet 
wTench, shown in Fig. 132, serves its purpose well, the effect on 
the nut being much more satisfactory than when the set chisel 
and hammer are used. In the use of all solid wrenches they 
must fit the nut closely, as otherwise both nut and wrench will 
be injured, the ‘nut rounding and the wrench spreading. 



CHAPTER VIII. 

DRILLS 

The twist drill which has come into such universal use, has 
superseded the old, flat, forged drill which, for so many years, 
held without rival the first position as a tool for producing cir- 
cular holes in metal. For the needs of its day, it served its purpose 
well. The advancements along mechanical lines demanded a 
better tool for this work, however, and the twist drill resulted, 
brought out in practically the same form as now used, the prin- 
cipal recent .improvements being mostly in slight changes in 
form, and its more accurate production due to improved methods 
of manufacture. 

The flat drill, as used for metal work, is generally of the form 
shown in Fig. 133. It is made from round stock, is forged thin at 




FIG. 133. 


the lips, and ground as shown in the figure, with three cutting 
^edges — A, B and C. This is a very accommodating sort of a tool, 
being capable of producing a number of holes of different diam- 
eters, yet, approximately equal to the width of the drill. The dis- 
advantage of this adjustability, however, lies in the fact ‘that the 
size of hole wanted cannot ordinarily be produced. 

The flat drill has no lands, as that part of the twist drill be- 
tween flutes is called, to- steady and guide it in the work. Conse- 
quently, the hole drilled will usually not be round, and should the 
point of the drill strike the side of a small blow hole or soft spot 
in the metal being drilled, as frequently happens in working cast 


104 


MODERN :rACHINE SHOP TOOLS. 


metal, the point will drift toward this spot, thus making a hole 
that is neither round nor straigdit. This is shown at A in Fig. 1 34. 

In order to drill holes approximately to size with the flat drill, 
it is necessai'y that the cutting lips be most carefully ground. The 
angle of the lips with the axis of the drill must be equal, other- 
wise one cutting edge will perform all the work, and will dull 
quickly, due to this double duty. The pressure 'on the cutting lip 
will crowd the point, causingTt to revolve in a small circle about 
the center of revolution. This will cause the other flute to cut 
slightly at its outer end, thus producing* a hole of larger diameter 
than the Avidth of flat. This is shown at B, in Fig. 134. 

The cutting lips should be of equal length, with their intersec- 
tion in the axis of rotation of the drill. If one lip is longer than 
the other, the diameter of the hole drilled will depend on the 



length of this long lip, as it will rotate about C, its central axis, 
as shown at A, in Fig. 135. 

Ill case the intersection of the lips does not fall on the axis 
of the drill, the one lip is thei*ehy made longer than the other, 
and the hole drilled will again be large, as the tool will spring an 
amount sufficient to allow it to revolve about C instead of its true 
axis, and the length of the long flute again determines the diaim 
eter of the hole drilled, as shown at B, in . Fig. 135. 

The first cost of the flat drill is small, and the results obtained 
by its use usually poor. Its only advantage lies in the fact that 
it can readily be forged and tempered to do work on extremely 
hard metals. The flat drill, ground thin and tempered hard, is a 
valuable tool for drilling hard steel or chilled iron, as it will in 
that form take hold of metal that the twist drill will not touch. 
It also makes a convenient extension drill, as it can be readily 
formed on tlie end of a long bar of steel. 
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The flat drill is not adapted to the drilling of deep holes, as it 
does not free itself of chips. It is largely used for roughing out 
cored holes, preparatory to boring, which work is very destruc- 
tive, due to scale and sand, to the land clearances of twist drills. 
When so used in a lathe, the drill is held against the dead center 
and fed forward by the tail screw, the work revolving. 

x\bout i860, twist drills, having milled flutes, were first placed 



mi the market. Previous to this date, however, drills with flutes 
produced by filing and the twisting of the flat stock had been 
used to a limited extent. 

In Fig. 136 is shown a taper shank twist drill. A A are the 
flutes, B B the lands, C — the metal between the flutes — the web, 
D D the lips, E the shank and F the tang. The center or grinding 
line is the fine line running along the bottom of each flute, and 



FIG. 136. 


serves as a guide to the lips in grinding so their intersection will 
fall in the center of the drill. 

The three clearances in the twist drill are : first, the ''bod}- 
clearance" of one-half to one-thousandth of an inch per inch of 
length of the fluted portion; second, the “land clearance" of about 
one-half of one circular degree as shown at A A in the end view, 
Fig. 137, and last, the “lip clearance’’ made by grinding back the 
ends G G of the lands, Fig. 137, to properly clear the cutting 
edges FI H. 

There are three cutting edges, li, H and C ; of these C is the 
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least effective, as it is not a free cutting edge and grinds rather 
than cuts the metal. By reducing the thickness of the web at 
the point as shown in Fig. 138, thus making th e cutting edge JE 
short, the efficiency of the drill is materially improved. This is 
of greatest value with drills of large diameter where the webs are 
made thick to give the necessary strength. The points may be 
thus thinned by grinding- on a small emery wheel. 

The flutes of twist drills as usually manufactured are cut by 
milling from stock of round cross section. Numerous attempts 
have been made to produce a satisfactory hot rolled drill, in which 
the flutes are formed by passing the stock which is rectangular in 
cross section and heated to a forging point, through spiral rolls. 
A hot forged drill has recently been placed on the market. In 



FIG. 137. 



FIG. 13S. 



this tool the flutes and twist are produced by forging, and great 
strength and durability of cutting edges are the claims for it by 
the manufacturers. 

In order to give the drill greater strength toward the shank, 
the web is increased in thickness from the point to the end of the 
flute. This thickening of the web is accomplished by gradually 
withdrawing the milling cutter from the blank as the cut ad- 
vances. This makes the flute shallower at its upper end, with a 
gradually decreasing area of cross section from the point to the 
shank. This contraction of the flute area prevents the free de- 
livery of the chips and consequent clogging of the drill. It is 
therefore necessary to make the flute area equal throughout its 
entire length. This is usually accomplished by making the pitch 
of the flute spiral uniformly greater from point to shank, and is 
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known as an ^'increase twist” drill. It is also produced by 
giving the flute a spiral of ''constant angle/’ and increasing the 
width of flute toward the shank. This latter result is obtained 
by slightly changing the angle of the arbor carrying- the flute 
cutting mill with the axis of the drill blank as the cut advances, 
and the mill is receded from the blank, in giving a web of in- 
creased thickness. This latter method makes the lands narrower 
at the shank end of the flute and thereby reduces somewhat the 
strength of the drill. On the other hand, it possesses the ad- 
vantage of giving a constant angle of rake to the cutting lips 
as the length of the drill decreases. This is shown in Fig." 139, 
where the angle of rake is 273^ degrees for either form of drill 
when the tool is new. When worn nearly to the shank, this 
angle in the "increased twist” drill is materially decreased, wdiile 
for the "constant angle” drill, it remains the same. 

For the small drills, the blanks are usually made from steel 
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wire. They are first cut in lengths and then given a body clearance 
by filing. The flutes are each cut separately. With the drills of 
larger diameter, the blanks are turned in a lathe and finished to 
exact diameter by filing. In cutting, they are held upright in a 
vertical machine, both flutes being cut at the same time. The 
clearance of the lands is made by either milling or grinding, 
and with the large drills both lands are relieved at the same time- 

Drills are given a cutting temper the entire length of the flutes, 
and are carefully straightened after this process. 

Twist drills are sometimes made slightly over size, and after 
tempering are ground perfectly straight. This adds little to the 
value over the properly straightened drill and increases consider- 
ably the cost. 

Twist drills having more than two flutes are frequently used 
for enlarging drilled or cored holes. They are very efficient for 
this purpose, but as the lips do not intersect at the point, they 
cannot drill a hole from the solid stock. A three flute twist drill 
is shown in Fig. 140. They are regularly made in sizes from 
inch to 3 incb.es, varying by thirty-seconds. The straight flute 
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drill is one having* the flutes cut parallel to the axis of the drill, and 
is in other respects similar to the twist drill. A straight flute 
drill is sliown in Fig. 141. In Fig. 142 is shown a hollow drill 
which he used to advantage in the drilling of deep or long 
h<.)les, the chi]:>s passing out through the hollow shank. 

(.ireat care must be exercised in grinding the twist drill, as the 



FIG. 141. 


same troubles on a smaller scale as those shown in Figs. 134 and 
135 for the flat drill will result from the improper grinding of 
the twist drill. The angle of lip clearance should be greater 
at the center than at the outer ends of the lips and must not be 
excessive, as in that case the drill bites too rank. If this angle is 
too small, however, the cut is not free and excessive heating- re- 
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suits. The angle of the lip to the axis of the drill should be 59 
degrees. This gives a straight cutting lip as shown in end view, 
"rhere arc a number of drill grinders made that will 
grind drills satisfactorily. The experienced mechanic usually 
jirefers to grind his drills by hand, depending upon his eye and 
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judgment for the proper angles and clearance. Jt is in this way 
that all new drills are ground before leaving the factory. 

Th(‘ standard shanks for didlls are straight and taper. The 
taper shank is shown in Fig. 136. It is made in six sizes, and 
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known as the Morse taper, which is approximately ^4 Il'ich per 
foot. The exact taper for the several sizes is given in the follow- 
ing table; also the limiting sizes of drills on which each taper is 
generally used: 


TABLE OP MORSE TAPERS. 


No. of Taper. 

Taper per foot. 

Smallest Drill using 
each Taper. 

1 Largest Drill using 

1 each Taper. 

I 

.605 

H 

1 0 

71 a" 

2 

.600 

If 

1 If 

3 

.605 

If 

1 

4 

.615 


' 2 

5 

.625 


i 3 

6 

.634 

Special. 

j Special. 


In Fig. 143 is shown the shank of what is known as the 
grooved shank drill to be held in a special chuck. These grooves 
may also be applied to taper shanks. Drills are also made with 
square shanks to be held in ratchets and bit braces, also with shanks 
of various special forms. 

Taper shank drills are made and carried in stock by 1-64 inch 
sizes from of an inch to 2^ inches, and by 1-16 inch sizes from 
inches to 3 inches. All sizes over 3 inches are special and 
made only to order. Straight shank drills are made by 1-64 inch 
sizes from 1-16 of an inch to 2 j 4 inches. A regular straight shank 
drill is the same length over all as a taper shank. What are 
known, however, as jobbers’ sets, running from 1-16 of an inch 
to inch by 64ths, are considerably shorter than the regular 
lengths. The wire gauge sizes run from No. 80 — ^the smallest 
twist drill regularly made — to No. i. The No. i wire gauge drill 
is ,228 or about 15-64 of an inch in diameter, while the No. 80 
is but .0135, or a little more than i-ioo of an inch in diameter* 
This latter drill is an exceedingly delicate little tool, having flutes 
quite perfectly formed. 

Drills are made in what are known as letter sizes, from A to Z, 
A being the smallest, .234 of an inch, and Z the largest, .413 of an 
inch. These drills are made with straight shanks. Millimeter 
sizes from 6 to 50 m.m. are made by most American makers. 
From 6 to 25 m.m. sizes increase by m.m. advances. . The milli- 
meter drills are made in both straight and taper shanks. 

It has not been found practical to give drills smaller than No. 
74 wire gauge, .0225 of an inch, land clearance, and many drills 
considerably larger than this are not so cleared. 
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• Practice is somewhat at variance as to the best speeds at which 
to run drills. The later tendencies are to reduce the feeds and 
increase the number of revolutions, that is for the smaller sizes. 
For the larger sizes, the number of revolutions varies little from 


TABLE OE DRILL SPEEDS. 


Diameter of Drills. 

Speed for Wrought 
Iron and Steel. 

Speed for Cast Iron. 

speed for Brass. 

inch. 

1712 

23 S 3 

3544 

H “ 

855 

119I 

1772 

M " 

397 

565 

855 

?8 “ 

265 

375 ■ 

570 

^ “ 

183 

267 

412 

« “ 

147 

2 T 4 

330 

it 

. 112 

168 

265 

K “ 

96 : 

144 j 

227 

I 

76 

II5 

191 


68 ; 

102 

170 


58 

89 

15D 

“ 

53 

81 

136 


46 

74 

122 

“ 

40 1 

66 

113 

1% “ 

37 i 

61 

105 


33 1 

sii 

98 


31 

51 

92 


the old practice. The above table gives the speed of drills in 
revolutions per minute as recommended by a leading manufac- 
turer of drills. 

A rule that is easily remembered and gives approximately the 
correct speed is, dividing 80, no and 180 by the diameter of 
drill, will give the number of revolutions per minute for work on 
steel, cast iron and brass respectively. The results will be rather 
low for the smaller sizes and high for the larger sizes. 

. The feeds for drills should vary with the diameter of the drill 
and the hardness of the metal being drilled, and will usually be 
1-200 to r-50 of an inch per revolution of the drill. 

In drilling wrought iron or steel, the drill should be flooded 
with oil, or some suitable drilling compound, which lubricates 
the cutting edge and carries away the heat of friction. Cast iron 
and brass are drilled dry. . 

t A drill with cutting lips having no angle of rake will work best 
1 in brass. A straight flute drill or twist drill with lips ground as 
shown in Fig. 144, is well suited to this work. 

In drilling deep holes in steel, especially when the drill is held 
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in a horizontal position, it is difficult to properly lubricate the 
cutting edges of the drill. To overcome this, oil tube drills — 
one of which is shown in Fig. 145 — are being very successfully 
used. In this drill oil is forced to the cutting lips, thus thoroughly 
lubricating them, at the same time helping to force out the chips 
and keep down the temperature. The usual 
method of making this drill is to mill small 
grooves in the lands parallel to the flutes and se- 
cure, by solder, in these grooves small tubes 
which, at the shank end, are usually made to 
open into ,a hollow in the shank from which suit- 
able connection is made with the oil supply. One 
manufacturer uses the following unique method 
for producing these oil passages. Two small 
holes are drilled parallel to the axis in the stock 
from which the tool is to be made. The length 
of these holes is somewhat more than the length 
of the grooved portion of the finished tool, so as 
to connect with the hollow shank. After these holes are finished 
the stock is heated to-a low forging temperature and then twisted 
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use will, however, frequently more than double the output of the 
machine driving them. 

The drilling of holes that are to be tapped requires a drill equal 
in diameter to the root diameter of the tap, and is called a tap 
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drill. The machinist soon fixes in his mind the proper tap drills 
for the taps he most uses. When there is any uncertainty as to 
the proper diameter, consult a table of tap drill sizes or caliper 
the end of the taper tap, and select a drill that will just allow the 
point of tap to enter ; this will give a full thread. The following 
table gives the sizes of tap drills from J 4 of an inch to 1)4 inches 
for the V and United States Standard threads. The United States 
Standard number of threads per inch are those taken. 


TAP DRILL TAllLE. 


Diameter of Tap. 

No. of Threads. 

Drill for U. S. S. 
Thiead 

Drill for V Thread. 


20 

n 

T if 

1 1 
(i I 


18 

'A 

1 fi 

« i' 


16 


JL 


14 

1 1 

2 T 

tl I 

M 

13 

1 .1 

iir 


12 

I'ir 

ur 

fs 

II 


U 


10 

H 

1 11 

3 2 ' 


9 

If 

4 5 

15 4 ' 

1 

8 

7 

27 

ISAT 

1 f> 

Ty , 

1 3 

Ti 5 ‘ 

I ‘4 

7 

^ f tr 

iK 


6 




6 

jA. 

* 3 2 

T 1 5 

^ 15 4" 


The location of a hole to be drilled is usually indicated by a 
center punch mark ; if the hole must be drilled exact to this center 
a circle of diameter equal to the diameter of the hole to be drilled 
should be described about the punch mark as a center, as vShown 
at A in Fig, 147. A few light prick punch marks should be made, 



A A A A, on this circle. If the drill runs to one side as shown 
at B ill Fig. 147, it can be drawn back by cutting away the wide 
edge with a cape chisel as shown at B ; this chisel cut should rim 
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to the center. The drill must be brought concentric with the 
circle AAA A in this manner before it begins to cut the full 
diameter, as it cannot then be readily shifted. When the surface 
upon which the holes are laid out is a machined one, it is often 
better to scribe a circle about the center mark slightly larger in 
diameter than the required hole and drill to the center of this 
circle. This leaves the laying out circle on the work and readily 
shows any inaccuracy in the drilling. 

The laying out and drilling of holes in this manner when ac- 
curate location is necessary, requires care and skill and is usually 
an expensive operation. When many similar pieces are to be so 
drilled, it is usual to provide' a suitable jig or drilling template, 
which insures accuracy and requires very much less time. The 
subject of jig drilling is taken up in Chapter XXVII. On a large 
amount of drilling work the hole in one part serves as a guide 
for drilling other holes in other parts of the work, and in many 
cases it is possible to use one piece of work, which has been care- 
fully laid out and drilled, as a template for drilling other similar 
pieces. 

When the point of the drill breaks through the work and the 
pressure is thereby greatly reduced, care must be exercised in 
the handling of the feeds to prevent the drill from worming or 
drawing through without cutting the full circle. In case this 
occurs, one of three things will certainly result : break the work, 
the 'drill or stall the machine. A straight flute drill or a twist 
drill wjth lips ground as shown in Fig. 144 will not worm through 
and are good tools to use for drilling thin or sheet metals. 

Keep the drill sharp by proper grinding. 
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REAAIERS, 

111 order to produce holes as round, straight, smooth and uni- 
form in diameter as is required in the construction of accurate 
machinery, a reamer must be used. As has been shown in a pre- 
ceding* article, the drill cannot be relied upon to produce lioles 
possessing the above qualities. 

A reamer is a sizing tool having twp or more teeth either par- 
allel or at an angle with each other, the latter forming what is 
known as a taper reamer. These teeth ma}" be either straight or 
spiral ; a spiral tooth producing a shearing cut, while a straight 
tooth gives a square cut. 

As to their construction, reamers for producing parallel holes 
may be divided under two general heads — solid and adjustal)le. 
All taper reamers come under the solid class. A solid reamer is 
one having a shank and teeth made from a single piece of tool 
steel. The expansion reamer is a built-up tool, the usual form 
consisting of a shank and head, the head having suitable recesses 
ill ivhich are secured the cutting teeth. As adjustment to com- 
pensate for wear only is attempted, tlie amount of expansion is 
small. 

The number of teeth, their form and spacing are the important 
considerations dn the construction of this tool. Reamers having 
fewer than five teeth are not to be used where accurate cylindrical 
truth is desired. A reamer having three teeth cannot be de- 
pended upon to produce round holes, inasmuch as any irregu-' 
larity in. the hole being reamed affects the cutting of the tool. 
This is shown in Fig. 148, where a depression A exists in the 
drilled hole. When the tooth B comes to this point it dropa. in, 
thus decreasing the cutting of C and D, and produces a hole not. 
round. The same effect to a lesser degree is produced in a reamer 
having four teeth, Fig. 149. When the cut is relieved at A, the 
pressure of the cut at C will crowd the tool toward E. Since the 
pressure of cut at B and D balance each other, any decrease of 
cut at C causes an increase at D, and B and C will overbalance D, 
the body of the reamer moving an appreciable distance toward 



E. With five or more teeth this effect practically disappears. The 
more cutting edges, the more smoothly will the reamer work. 
The construction of adjustable reamers does not admit of as many 
teeth as can be formed on a solid reamer, yet the advantage of 
adjustability to a certain extent offsets this. 

Reamers having an even number of teeth equally spaced do not 
produce as good results as those having an odd number of teeth. 
In the former, the teeth fall opposite each other, causing greater 
tendencies to vibration, and in the case of reaming irregular holes, 
the greatest cut will be carried on two opposite teeth ; but with an 
odd number of teeth, the greatest cut must be carried on at least 
three teeth. 

Reamers having an even number of teeth but irregularly spaced 
are very extensively made. A cross-section of such a tool is 
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shown in Fig. 150. The effect is practically the same as having an 
odd number of teeth. 

The form of tooth usually employed is shown in Fig. 15 1. The 
front face is on a radial line, the flute being well filleted at the 
root. If an angle of rake is given the tooth, as shown in Fig. 152, 
and specially so if the fillet* at root is cut away, the tooth will 
spring out under the cut, producing an oversize hole. 

The grinding of the clearance on top of the tooth is an impor- 
tant point in the construction of a reamer. The clearance should 
be sufficient to properly relieve the cutting edge. If too great 
clearance is given, the tooth will be weak and chatter in the work. 
As frequently produced, the cleared surface is slightly concave, 
the amount depending on the diameter of the emery wheel used 
in grinding it. As a plain surface is desirable, a wheel of large 
diameter which gives approximately such a surface," should be 
employed, or better still the face of a cup emery wheel which gives 
a straight clearance. 
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The angle of clearance will depend on the distance the axis of 
the emery wheel is set back ot' the axis of the reamer, as shown 
in Fig. 153, In no case must the wheel come in contact with the 
front face of the tooth being ground or the one next behind, and 
the guiding finger which steadies the reamer must always bear 
against the front face of the tooth being ground. When the 
diameter of the reamer is large and the pitch of the teeth so small 
that the necessary clearance cannot be given except by using too 
small an emery wheel, the wheel can be mounted on an axis at a 
considerable angle with the axis of the reamer, as shown in Fig. 
1 54. This produces a plane surface ; but due to the wear of the 
emery wheel is not as satisfactory as the use of the cup wheel. 
The wheel must be so placed as to cut its entire width, other* 
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wise it will be grooved and the cutting edges of the tooth round- 
ed off. 

A hand reamer is a tool for hand use ; while a chucking reamer 
is operated in a machine. Fig, 155 illustrates a standard solid 
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hand reamer\ In its manufacture, the stock is first cut to length 
and then turn^to a diameter about 1-64 inch over finish size. 
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The flutes and square on the end of shank are next cut by milling 
processes. Tempering is the next operation, from which it usually 
comes warped to a greater or less extent. After straightening, 
the centers are lapped out and the reamer ground in a grinding 
machine to diameter and cylindrically true. All standard reamers 
are made .0005 of an inch over size. This is because a new reamer, 
before being used, should have its cutting edges stoned slightly, 
which will just about bring it down to exact diameter. If this is 
not done, the edges will give down a little on the first few holes 
reamed; so that if the reamer was made to exact diameter it 
would fall below size too quickly. The shank is usually ground 
about .001 of an inch smaller than the fluted portion, and in its 
use serves as a gauge to indicate when the reamer has fallen, 
through wear, below .001 of an inch under size. The shank should 
not be marred in any way, as in that case the purpose for which 
it was so carefully brought to size is lost, and in cases where the 
reamer is passed through the work, damage to the hole is apt to 
result. The last operation previous to grinding the clearance and 
final inspection in the manufacture of a reamer is the buffing out of 
the flutes. This is done by passing them under a small vulcan- 
ized emery wheel, which has first been trued to the exact outline 
of the flute. 

The hand reamers are regularly made in two lengths ; what is 
known as the short reamer being considerably shorter both in 
the flute and shank than the regular or jobber’s reamer. The 
diameter of the point is about 1-64 of an inch under size, the tool 
tapering to exact diameter at about one-fourth the length of the 
tooth from the point. The balance of the teeth are ground nearly 
parallel, the diameter at the shank end being from .0005 to .00075 
of an inch small. This slight taper counteracts the tendency that 
all reamers have to ream a hole slightly over size at the top, 
which is due to the tool remaining longer in contact with the 
wall of the hole at the top than at the bottom. The limit of 
error allowed in their manufacture does not exceed .00025 of an 
inch. 

When, for the parallel shank of the hand reamer, a taper shank 
is substituted, th*e reamer becomes adapted to use in a drill press 
or other machine. The form and length of flute is the same as for 
the regular hand reamer, except at the point, where the teeth 
instead of tapering for one-fourth of the length of the flute, run 
parallel to the point. This form is used because the reamer cuts 
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easier and faster, and as it is steadied by the spindle, no difficulty 
is experienced in starting* it true. 

In Fig. 156 is shown a spiral fluted reamer. They are always 
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cut with a left-hand spiral. They give a smooth shearing cut and 
are specially valuable for machine reaming on centers as they do 
not tend to draw into the work and off from the center. They are 
also made in shell and taper. 

. rig. 157 illustrates a fluted chucking reamer with taper shank. 
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Ihe total length of this tool is appro.ximately the same as the 
length ot a hand reamer. The teeth are short and slighth' tapered 
ai the point, which facilitates starting when used against the 
c ead center of a lathe. It is also made with straight shank 

The rose chucking reamer. Fig. 158, is of the same length and 
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" ^^^ed chucking 

learner The head is ground cylindrical with cutting teeth on 
the end. The circular flutes do not form cutting edges, their office 

cTallv 1 ^ of the tool, and, espe- 

T tl ? ^ horizontal position, to carry away the chips. 

It is therefore important that a flute be provided for each cutting 
lip. The head IS given only a slight clearance in its length The 

round ILl f '«th the rose reamer are usually 

. s raight, but not so smooth as those formed by longer 
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reamers have the shanks and fluted portion ground cylindrically 
true and are specially adapted to the reaming of deep cored 
holes. 

The shell reamers, Figs. 160 and 16 1, are chucking or I'ose 
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reamer heads, having round central tapered holes, the taper used 
being of an inch per foot for the reception of the arbor shown 
in Fig. 162. A rectangular slot or key-way is milled across the 
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shank end to receive the cross key of the arbor; several sizes of 
reamers fitting each size of shank. The first cost of a set of shell 
reamers and arbors is but little less than that of a set of regular 
rose or fluted chucking reamers. 
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Ill Fig. 163 is illustrated a taper hand reamer. The reamer 
shown is a standard taper pin reamer having a taper of >4 inch 
per foot. The Morse taper reamers of approximately ^ inch per 
foot and the Brown & Sharpe standard taper reamers of Yz inch 
per foot are in all respects similar to the taper pin reamer shown. 

When a solid reamer^ through wear, falls below standard 
size an amount greater than the allowable limit of error, it can 
be brought up to standard size again only by drawing the temper,, 
upsetting the teeth by driving against their front faces, retemper- 
ing and regrincTing. This is an expensive and unsatisfactory 
operation. It will usually be found best to grind it to about .005 
under size and use it for a sizing reamer. In some cases it is 
pt)ssible to grind them to the next thirty-second or even sixteenth 
size smaller. This makes the teeth wide on top ; but if the clear- 
ance is properly ground, the reamer will work well. In such cases, 
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care must be taken to obliterate the original size stamp, and re- 
place with a new one to avoid errors. 

It must not be inferred that a properly made solid reamer falls 
quickly below size when properly used. Its life as a standard tool 
depends upon the hardness of the metal reamed and, the amount 
of cut it is required to take. It must be remembered that the 
standard reamer is a finishing tool, and must, as such, be capable 
of reaming a great many holes to practically the same diameter. 
To accomplish this the cut must be very light, never exceeding 
1-64 of an inch, and preferably not more than .005 to .01 of an 
inch. A¥hen great uniformity is required, a sizing reamer .005 to 
.007 of an inch under size, usually operated by power, is first 
passed through the hole. This leaves a true hole and equal cut 
for the finishing hand reamer. 

There are numerous adjustable reamers on the market. Fig. 
164 shows the Cleveland common-sense expansive reamer in 
which a screw in the point forces a tapered plug into the ta])ered 
hole in the center of the tool which expands the teeth, the slots 
parallel to the teeth and extending through to the bore, allowing 
the necessary amount of spring. It is evident that the teeth ex- 
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pand most at the center, but as the amount of expansion necessary 
to preserve standard diameter is very small, this will have little 
effect on the working of the tool. The cylindrical portion of the 
point is called the ‘'guide” or the “pilot” point, and is usually 
ground ,005 to .007 of an inch under size, which of course limits 
the amount of stock left for finishing. This reamer is made from 
34 of an inch to 234 inches in diameter, and is strictly an ex- 
pansive reamer. 

A form of Morse adjustable blade reamer is illustrated in Fig*. 
165. It consists of a suitable number of blades or chasers, fitting 
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milled slots and abutting against a ground tapered plug in the 
center of the head, the end of which is threaded into the shank. 
•By screwing the plug in, the blades are forced out the required 
amount, and when adjusted, the disheddiead nut engages the 
beveled ends of the blades, holding them firmly in position. These 
reamers have an adjustment of about 1-32 of an inch, and are 
regularly made in sizes from 34 of an inch to 2 inches. 

Fig. 166 illustrates an adjustable reamer in which the blades, 
which are unequally spaced, are fitted in radially tapered grooves/ 
Cupped collars engage the beveled ends of the blades, holding 
them firmly in position. The adjustment is made by slacking the 
upper collar and forcing the blades toward the shank by the 
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lower collar. A reamer of this class with steep taper to the 
bottom of the grooves and long threaded j^ortions can be adjusted 
for several sizes. This, however, is not considered good practice, 
the adjustment being simply to maintain one size. This adjust- 
ment, however, is great enough to allow for several regrindings. 

Those classes of adjustable blade reamers in which each 
blade is set out independently should be reground after each ad- 
justment, as it is almost impossible to set the blades out equally. 

In using* the reamer it should be turned continually forward, 
both on the advance and on the withdrawal. Turning it backward 
while in the work is quite apt to injure the tool, due largely to 
small particles of cuttings lodging between the clearance sur- 
faces and the wall of the hole. In hand reaming* the tool can 
usually be passed through the work. Oil should be used freely 
in reaming steel or wrought iron. Cast iron and brass are usually 
reamed dry. A small amount of oil will, however, freciuently 
improve the quality of the work in these metals. 

The preparation of the holes for taper reaming is of great im- 
portance. As a reamer should not remove all the metal that 
v’ould be left if a drill the size of the point of the reamer were 
passed through the work, several drills of different diameters 
may be used, producing a stepped hole, as shown in Fig. 167. If 
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the work is done in a lathe, the taper attachment or compound 
rest can be advantageously used, using a boring tool to enlarge 
the drilled hole. If the lathe has neither' of these attachments, 
the hole can be stepped out, as in Fig. 167, with the boring tool. 
A roughing reamer, Fig. 168, is well suited to the preparation of 
a hole to be taper reamed. 
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A simple form of reamer shown in Fig-. 169 will frequently 
obviate the expense of a special reamer when only a few holes are 
to be sized. The tool can be made at slight expense, and when 
carefully constructed will produce very good results. 

The taper pipe reamer, Fig. 170, is a roughing reamer of 
standard pipe tap taper for sizing a drilled or bored hole before 
tapping with pipe tap. 

The reamers used for reaming center bearings in work to be 
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machined between centers are shown In Fig. 171. A is the '^old 
Flartford" reamer with one cutting edge. It cannot be relied 
upon to produce a true conical hole. A ‘‘new Hartford” center 
reamer is shown at B. It has three cutting* edges, and will pro- 
duce a true hole. These reamers are intended to follow a small 
drilled center hole, and are made with 60-degTee, ya-degree and 
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82-degree angles, 60 degrees being the standard. They are also 
made in several sizes from % to of an inch, largest cutting 
diameters. A form of combination center reamer and drill, in 
which the drill and reamer blades are held in a suitable shank, is 
shown at C. At D is shown a combination center drill and 
reamer that has come into general use. It is admirably adapted 
to its work, being efficient, simple and inexpensive. The drill 
steadies the reamer, which makes it cut smoother, and insures its 
coming central with the drilled hole. This is of special value 



CHAPTER X. 


SCREW THREADS., TAPS AND DIES. 

As to their uses, screw threads may be divided into two classes ; 
Erst, those used for fastenings ; and second, those used for com- 
municating motion. The term ‘'‘’fastenings” is applied to any 
device used to hold together two or more pieces, either holding 
them rigidly together or constraining* any relative motion be- 
tween them. The important position that the screw thread holds* 
under this head becomes forcibly apparent when we consider a 
machine, as a lathe, for example, and wonder how we would man- 
age to hold its numerous parts together without the use of this 
device. The lead and cross feed screws in a lathe are examples of 
screws used to communicate motion. 

In Fig. T72 are shown the three forms of threads used for 
fastening. 

In the V thread the angle of the sides with each other is 60 
degrees, the top and root of the thread being sharp. 

The United States standard thread, or as it is often called, 
the Sellers or the Franklin Institute thread, is the same as the 
V, with the top cut off and the root filled in. The amount taken 
from the top and added to the root is one-eighth of the height 
of the V thread, thus making the United States standard thread 
three-fourths the depth of the V thread. The United States stand- 
ard form of thread was recommended by the Franklin Institute 
in 1864. This system was devised by Mr. William Sellers, and 
has become the acknowledged standard thread in the United 
States. Its points of superiority come from the fact that it does 
not cut so deep into the stock as does the V thread, thus leaving 
a stronger root, while the small amount cut from the top and 
bottom of the A" thread has little strength value. It is more 
cheaply produced, as threading tools with flattened points stand 
up under their' work much better than those with sharp points, 
and the filled root does not form a distinct fracture line as does 
the sharp root of the V thread. This form of thread is well 
adapted for interchangeable work, being used by the leading 
builders, and its complete adoption should be urged by all. 
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In the Whitworth or English standard thread the tops of the 
threads are rounded off and the roots filleted in. The angle of 
the sides with each other is 55 degrees, and the amount taken 
from the top and added to the root is one-sixth of the height of 
the thread, having* sides at a 55 degree angle with each other. 

Each of the threads shown in Fig. 172 is to scale for stand- 
ard one and one-quarter inch holts, and the dimensions given will 
facilitate comparison. 
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In Fig. 173 are shown three forms of screw threads used for 
communicating motion. 

The pitch of the screw is the distance it advances in making 
one revolution; thus, the pitch of a screw having eight threads 
per inch is one-eighth of an inch. It is usual to refer to the 
number of threads per inch, rather than to the pitch. For ex- 
ample, in Fig. 172 it is seven threads per inch, rather than .143 
of an inch pitch. 
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All screw threads may be either right or left handed. Fig. 174 
illustrates a left hand screw. The left hand screw enters its nut 
by turning it counter clockwise. 

Wdieii a steep pitch is desired and the diameter of the stock 
would be too small to permit the use of a single thread, two or 
more parallel threads, dividing the pitch into two or more parts, 
may be used. Such are known as double, triple and quadruple 
threads. A triple thread is shown in Fig. 175, wdth single thread 
of same pitch shown dotted. 

The United States standard admits of no oversizes and specifies 
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the number of threads per inch for each size, as well as prescrib- 
ing* the form of thread. P'or special work, however, it is fre- 
quently advisable to use a different number of threads per inch 
from that specified in this system, but such will, of course, not 
lie standard, and must always be looked upon as special. The 
following table gives the principal diameters and corresponding 
numbers of threads, as determined in the United States standard 
■system : • - 

TABLE OF SCREW THREADS. 



Diameter of Bolts. 

Number of Threads 
per Inch. 

Diameter of Bolts. 

Number of 
Threads per Inch. 


X 

20 

J }i 

7 



iS 


7 


% 

i6 


6 


iV 

14 

] U 

6 

\ ' ' 

H 

13 


5 - 


■ ^ 

12 

II 

10 

2 

3 

4 

' J*' i 

K 

9 i 



' / ’ 

1 

a 1 

4 

3 








Tlie screw threads with which the machinist has to deal r 
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produced hy cutting processes, in wldch the thread is formed 
from the solid stock. Cut threads are produced either by means 
of a single pointed cutting* tool or a chaser used in a lathe, or by 
means of taps and dies. In the first case the pitch of the screw 
being cut is dependent on the lead screw 01 the lathe, while in the 
latter case the pitch is dependent on the led of the tap or die. 
Screws used for communicating* motion, or where accuracy is 
desired, are cut in the lathe, while those used for fastenings are 
usually cut by the other method. 

The tap is a tool used to produce internal threads, and the— 
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■die is a tool used in cutting the external threads. Hand taps and 
dies are those intended to be used by hand, while machine taps 
and dies are those operated by power in a machine. 

The hand tap is shown in Fig. 176. It should be made of a 
high grade steel, and of a temper specially suited to the severe 
work it is called upon to perform. It is provided with a nxind 
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is tile same as the diameter of the tap. It may be had with any 
rcas.jiiable length of shank, and will be found a very convenient 
tu'jl for tapping holes in inaccessible places. 

Xlie stay-bolt tap, as shown in Fig. lyy, is a combined reamer 
and tap, used by boiler makers for reaming and tapping the holes 
for stay-bolts. The taps are made long, as the plates are often 
widelv separated, and must be tapped together, as otherwise the 
stay-boits will not enter the second plate without springing the 
platt's a fraction of the pitch. These taps are sometimes made 
as Irmg as five feet. They run from three-quarters to one and one- 
half inches in diameter. 


A hob, or master tap, is one used for cutting the threads in 
dies. Fig. i8o shows a hob for cutting 



pipe dies. 

The pipe tap shown in Fig. i8r has 
full teeth to the point, the standard pipe 
taper being three-quarters of an inch per 
foot. The following table gives tlie 
number of threads per inch and tap drills 
for standard pipe taps ; 
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Diameter of Pipe. 

Number of Threads. 

Tap Drill. 

>s i 

27* 

.21 

|| 

liT 

X 

18 

H 

18 

m 

aa 


14 

If a 

H 

14 

1 5 

T¥ 

I 

iil^ 

It¥ 



1 

bX 


lit 

2 

iiir 

2 io 


8 

2H- 

3 

8 

3 * 

3 G‘ 

8 

ol J 

4 

8 

4 * 


In case a pipe reamer is not used for sizing ahead of the tap 
the holes may be drilled 1-64 inch larger for the small sizes and 
1-32 inch for the large sizes. 

Fig. 182 shows a machine or nut tap. It is provided with a 
long easy taper on the threaded portion and a long shank some- 
what smaller in diameter than the root of the thread. 

A combination drill and pipe tap, shown in Fig. 183, is in quite 
general use. It is a valuable tool for drilling and tapping gas 
and water pipes under pressure. 

A collapsing tap is one in which the teeth or chasers, after cut- 
ting the thread, are carried toward the center enough to allow 
them to clear the threads so that the tap can be removed without 
hacking. This not only saves time, but the wear on the teeth 
incident to backing them out of the threaded hole. A form of col- 
lapsing tap manufactured by the Geometric Drill Company is 
shown in Fig. 184. 

The mechanism is such that when the two side stops come in 
contact with the work the lead or draw of the tap releases a clutch 
ill the head which unlocks the mechanism and the chasers are in- 
stantly collapsed. The setting of the stops determines the depth of 
the threaded hole. The chasers are then expanded again and 
locked in position for the next operation by means of the handle 
shown on the body of the tap. A graduated adjustment provides 
for slight variations in the diameter of the tap. 

The advantages of the collapsing tap over the solid lies in the 
saving of time due to being able to allow the machine to run 
continuously forward, thus saving the time required with the 
solid tap to' back out. The hacking out not only injures the tap 
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but is quite apt to injure the thread. Again, the possibility of 
changing slightly the diameter of the tap is frequently of value. 

A limited number of different sizes may be 
tapped with each size of head by substitut- 
ing difterent sets of chasers. 

• Taps are tempered hard and are conse- 
quently brittle. They give no warning l)efore 
they break, therefore care and judgment 
must be exercised in their use. Jn using 
hand taps, a wrench which fits closely the 
square on the shank, and having opposite 
handles of equal length, should be used. 
The pull on the handles should be uniform 
and equal. This produces a torsional strain 
in the tap, which, if working under proper 
conditions, it will safely resist. Any excess 
of pressure on one handle will produce a 
transverse strain which endangers the tap. 
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It frequently is necessar}^ from the nature of the work to use 
a single handle. In such cases the operator must grasp the head 
of the tap and wrench with his left hand and balance the trans- 
verse moment of the pull at the end of the handle, allowing only 
the turning effort to be received by the tap. 

In tapping full threads in tool steel great care must be exer- 
cised, especially if the stock is not thoroughly annealed. If much 
of this work is to be done two taps should be used, the first one 
through removing only a part of the stock, and the second finish- 
ing. ‘ In tapping double threads, two, or even three taps, should 
be used. This becomes necessary from the fact that with a double 
thread twice the amount of stock must be removed per revolution 
of the tap as with a single thread of the same depth. Taps for 
square threads should also be used in pairs, unless made extra 
long with a long tapered portion. 

When a thread is to be tapped at right angles to the surface, 
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do not depend on the taps following the drilled hole, but in start- 
ing test the angle by squaring to the shank of the tap. A tap 
started crooked must be squared up while the first two or three 
threads are being cut ; an attempt to square it later may result dis- 
astrously to the tap, and will produce a threaded hole enlarged at 
the opening. 

Dies may be divided into two general classes ; the first should 
include all dies requiring to be passed over the work several times 
in the production of a finished thread ; the second, those that pro- 
duce a finished thread at once over. 

The first class, example of which is shown in Fig. 185, con- 
sists of a stock in which cutting dies are held. These dies are 
capable of sufficient separation to enable them to be passed over 
the work upon which the thread is to be cut. By means of a set 
screw or threaded handle the dies may be closed an amount suf- 
ficient to make them cut a full thread. 
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In the manufacture of these dies they are threaded with a hob 
tap, the diameter of which is twice the depth of the thread g’reater 
than the diameter of the work the die is to be used upon, riiis 
makes a die with teetli, the tops of which fit the work wdieii tlie 
thread is started. This is shown in Fig*. 186. It greatly facilitates 
the starting of a true thread. The conditions at the finishing of 
the thread are shown in Fig. 187, in which A A are the cutting 
edges. When the thread is started these edges have no clearance. 
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but as the dies are forced toward the center an increasing clear- 
ance is formed. This is clearly shown in the ligures. 

The dies are chamfered off on the advancing side for two or 
three teeth, so that these teeth do the most of the cutting, those 
following simply sizing. If desired to cut a full thread close up 
to a shoulder the die is turned over. 

Under the second class we consider first the screw plate, shown 
in Fig. 188. This is a thin plate of tempered steel, in which a 
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number of holes of varying diameters, threaded with different 
pitches and provided with opposite notches to form cutting ('dgcs, 
have been produced. It is a primitive tool, suited only for work 
of small diameter, where correct threads are not required. 

Dies of the second cla’Ss are usually made adjustable to com- 
pensate for wear. In Fig. i^ is shown a form of die largelv used 

\ 


« 
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for small sizes, one-sixteenth to one-qnarter of an inch. It is 
given a sirring temper at C, and is held in a wrought ring, not 
shown in the figure. A small set screw passing through the 
ring and engaging the notch shown in .the die edg'e, serves to 
spring the die together, when through wear it becomes over- 
size. 

Fig. 190 illustrates the Grant adjustable die, in which the four 
chasers are held in a cast-iron collet surrounded bv a wrought 
ring. The chasers are beveled off on the outer ends, which en- 
gage with corresponding beveled grooves in the ring. By forc- 
ing the ring down, the chasers are moved toward the center. The 
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amount of adjustment in this die is one-thirty-second of an inch. 
The chasers are numbered, with corresponding numbers on the 
side of the grooves in which they belong. This prevents the possi- 
bility of putting together incorrectly when the chasers have been 
removed for grinding. 

This die is sharpened by grinding back the front face of the 
chasers. They should be ground only a short distance back of 
the tooth root, so as not to interfere with the bearing in the 
collet. 

In Fig. 191 is shown the lightning adjustable die. The stock 
is bored out to receive the two halves of the die. The taper head 
screws B B fix the size and the binding screws A A A A hold the 
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parts firmly together. A separate stock is iDrovicled with each 
size of die. 

In Fig. 192 is shown a solid machine or bolt die. It is made of 
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the same form as the solid pipe die and may be used in either 
a hand or power holder. 

The spring die shown in Fig*. 193 is for us^ in a machine and 
where smooth, accurate threads are desired should be used in 
pairs, one for roughing and one for finishing. A clamp collar 
fitted over the end of the die prevents its spreading. This form of 
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'die can be sharpened by passing a thin emery wheel through the 
grooves. 

Self-opening and adjustable dies are for machine threading 
generally used. The advantages are the same as for the 
‘Collapsing tap. Fig. 194 illustrates the Geometric Drill Com- 
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pany's self-opening die. This tool is usually mounted in the 
turret of a chucking machine or screw machine. The chasers are 
set up for the cut by turning the head until the mechanism locks 
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-i(,le of the tool a micrometer adjustment, which controls all the 
chasers, is quickly made, thus making it possible to make a light 
or Irjose litting screw as desired. The die head shown is provided 
with a rougr.ing and finishing attachment controlled by the small 
k-ver at the back. In using this attachment the chasers are held 
(All for the first cut over about i-ioo of an incly which is taken 
at the second cut. This is necessary only when extremely uniform 
and accurate threads are required. The chasers mtiy bt* t'cry 
rjuickly removed for sharpening or changing from one sizi: to 
aunt her. 


For pipe threading opening dies are very extensively used. 

The advancing* edge of the die chasers in all forms that produce 
a finished thread at one cut, is chamfered off for two or three 
teeth, which divides the cutting duty and facilitates starting the 
thread. The die should not be run bottom side up on the work, 
as in that case the first tooth does nearly all the cutting duty. 
fiJnly in unusual cases is a workman justified in this procedure. 

Oil should always be used liberally on the tap or die when cut- 
ring steel cr wrought iron; a little oil on the tap when cutting 
cast iron or brass makes it run easier and does no in jury to the 
thread or the tool. Sperm or lard oil is best for this purpnse. 

In threading steel or wrought iron by hand the tap or die 
should, after every two or three turns forward, be given a slight 
turn back. This facilitates the removing of the cuttings and 
allows the oil to find its way to the points of the teeth. 

Xo matter how accurately a tap or die is cut the hardening 
process will distort it somewhat, ff this distortion followed any 
fixed law, allowance could be made in the threading that would 
offset this variation, but as the distortion is variable, even when 
the conditions are the most uniform possible, it is difficult to make 
allowance for it. As a general thing the taps contract in length, 
thus decrea^ng the pitch, and expknding in diameter. 

A die of standard diameter must not be used to thread stock 
that IS one-thirty-second of an inch oversize, as the strain on the 
die parts is too great. 


_ The practice of rolling, iron one-thirty-second of an incli evor- 
size IS to be condemned as the cause of mistak-cs, lack ,.)f inior- 
c langeability and general confusion, at the same time having no 
a vantages, t is not practi?arto roll ordinary holt stock to ex- 

ot b_\ the standard dies. \ 
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The si^eed at which threads nia}' be cut with taps and dies 
in power machines depends very largely upon the character of 
the work, quality of the thread required and the conditions under 
which the work is performed. Cast iron and brass can be 
threaded at much higher speeds than steel. For equal diameters 
tine pitches may be cut at higher speeds than coarse j^itches. 
Smooth, accurate threads require comparatively slow speeds. 
For rough work a speed of from 1 5 to 20 feet per minute is satis- 
factory when the work and cutters are flooded with good screw 
cutting oil. A speed of 10 feet per minute is quite fast enough 
wlien smooth, accurate threads must l^e had. When the work 
Itny been heated up by a preceding operation the speed for thread- 
ing cannot be as high as if the work was perfectly cold. This is 
usually the case 011 the screw machines where the threading fol- 
lows a heavy turning operation. As the threading requires but 
little time as compared with the turning it is common to sacrihee 
speed in threading for higher efficiency in turning, all of which 
tends tciward truer and better threads. 

To determine the diameter of hole required to give a full 
thread, caliper the root diameter of the tap, the point of the taper 
tap, or consult a table of tap drills. The number of threads per 
inch is always plainly stamped on the tap or die. Remember that 
United States standard for five-eighths of an inch is ti, not to, 
and for half an inch is 13. not 12 threads per inch. Always keep 
die and tap threads sharp by grinding from the front faces of the 
teeth. When dull they jam rather than cut the stock and require 
excessive power to operate them. 
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DRILL AND TAL HOLDERS. 

Drivers adapted to the proper holding* o£ drills and taps while 
in use are quite essential to their long* life. Very frequently the 
shank end of these tools gives out while the cutting end remains 
in good condition. This usually' comes from not having* the 
proper holders in which to drive them, but very frequenth* 
through the sheer carelessness of the operator. . . 

A mechanic is always annoyed when he finds the drill he 
wishes to use with the shank mutilated and the tang twisted. 
AVorkmeii cannot be blamed for not using what their employers 
will not furnish, yet very frequently they \yill not use them, or 
rather use them pi'operly when they are provided. A dog tight- 
ened onto the shank of a taper shank drill, with a bar of iron 
resting on the shank and under the tail of the dog, will hold 
the drill from rotating when held against the tail center of the 
lathe and operating on chucked work. At least it will hold it 
part of the time, the rest of the time it is slipping under the <log' 
screw, which plows up the surface in fine shape. Of course, the 
operator 'who would use a taper shank drill in this manner has 
not the time to smooth up the shank when he finishes with the 
drill, but leaves it for the other fellow to, do. The other fellow 
is also in a hurry, and jams the drill into the taper, tearing 
the drill press spindle, growls because it won’t run true, and 
finally when he twists the tang off, declares that taper shank 
drills are not fit to drill lead with, and all because the taper, due 
to its roughed condition, not fitting properly in the liearing in 
the spindle, threw the entire load on the tang*, which should not 
he expected to carry it. 

Drills are usually held in sockets or chucks, depending on 
whether they have taper or straight shanks. As has already been 
explained in a preceding article, the shanks of taper shank drills, 
are turned to standard tapers. VAdiile great refinement is not 
exercised in producing these tapers, they will be found to vary 
but little from the exact taper. This is of importance because 
the socket shown in Fig. 195 should drive the drill not b}* the 
tang alone, but largely by the fHction between the surfaces of 
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the shank and bearing in the socket. For the larger drill sizes 
under each taper the tang is the weakest part of the drill. Thus 
the tang of the No. i taper on a one-fourth inch drill will break 
the drill before it will twist, but on a nine-sixteenths-inch drill, 
which has the same tang, the tang will twist rather than break 
the drill — that is, assuming that the drills are driven by their 
tangs alone. 

In the socket the tapered bearing should not extend be}'oncl 
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the bottom of the shank or mortise through the shank, and the 
slut should be but slightly wider than the thickness of the tang. 

This gives the tang a good bearing well down toward its base. 

The slot must be sufficiently long to allow the taper drift or 
key, shown in Fig. I(j8, to be inserted over the end of the tang ' 

to force the drill out. Tf the shank or bearing in the socket is / 

jammed, the former will not enter the l^earing the |)roper depth, 
the tang will catch on the point, the frictional didvc between 
shank and bearing surfaces will be. decreased and a twisted or 
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the tail center of the lathe. Another holder for this purpose, Fig*. 
202, is made in which a center in the holder is used rather than 
the drill center. In Fig. 203 is shown a sleeve holder in which the 
sleeve is kept from rotating by means of the two screws, v/hicli 
have points turned to fit the slot in the sleeve. 

Another form of lathe socket is shown in Fig. 204. V*y put- 
ting a bar through the round hole it may be used between ccnteis 
and becomes similar to the holder shown in Fig. 202. It is, how- 
ever, usually used in the tail spindle bearing, the outside taper 



being the same as on the dead center. When so iise(l it is 
much safer than when used between centers, as the drill or 
reamer it holds cannot pull off center. 

The holder used for driving the Graham grooved shank drill 
is shown in Fig. 205. It is made in four sizes, holding from 
sJ/Ainch drills down to 3-32-inch drills. By means of reducers, 
one of which is shown in the figure, small drills may be held in 
the large chucks. These holders are very compact, being but 
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little larger in diameter than the common socket. As the gTOOves 
in the drill are cut parallel with each other, taper shank drills 
may be grooved to fit correctly in these holders, which, as with 
tlie socket shown in Fig. 200, makes a good method for redafming 
drills that have lost their tangs. 

The above are all positive drive holders, which, in the case of 
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sudden stopping of the drill will break it if the machine does not 
stall. To overcome this, numerous friction drive holders liave 
been devised, one of the best being shown in Fig. 206, In this 
holder the socket A is held by friction between the end of the 
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shank G and the collar B. F F are fiber washers between the 
sliding- surfaces, which gives a smooth motion when slipping 
occurs, and enables the operator to more easily adjust the tool 
to the proper grip. The collar C forms a lock nut to preserve 
adjustment. The bushings E, which carry the drills, fit in A, 
being driven by two keys. In its use the collar B is adjusted up 
until the friction will just nicel}- dri^-e the drill. This tool, which 
is made in two sizes-, is provided with the necessary- l)ushings for 
holding drills and taps up to inches in diameter. Although 
bushings for holding the ordinary septare shank taps may^ be had, 
the tap Avith special shank as shown in the figure is best adapted to 
use ill this holder. In machine tapping, and especially where 
more than one size of drill is to be used, much time may be saved 
b}' the use of this holder. Take, for example, the drilling and tap- 
ping* of engine boxes, where two drills are used, one the diameter 
of the stud through the cap, and the other the tapping size for 
the stud. Each drill is placed in a holder, E. The changes from 
stud drill or tap drill and to tap are made by slipping out the 
one holder and putting in another, all of which may be done with- 
out stoi^ping the si^indle. 

Another form of friction tap holder is shown in Fig. 207. In 
this holder the upper half of the clutch is keyed to the shank, 
the lower half turning free on the end of the shank. The jaws 
of the clutch are beveled on their edges, the spring, which is 
readily adjusted for tension, holding the halves in contact. When 
the drive on the tap becomes too heavy, the beveled edges force 
die clutch halves apart, thus allowing the machine spindle to 
rotate without turning the tap. 

The frictional drive taji holders shown in Figs. :2o6 and 207 
require a revci'wsing spindle machine in which to operate them. In 
Fig. 208 is shown the “Star” tapping attachment which contains 
a reversing mechanism, thus adapting it to tapping work on ma- 
chines without reversible spindle. As with the others it is pro- 
vided with an adjustable friction drive which can be adjusted to 
the required tension to drive any* size of tap the tool will operate. 

Ill its operation the body of the tool is held from rotating bv 
securing the chain shown to some fixed part of the drilling ma- 
chine. In driving the tap forward the upper spindle, which is 
independent of the lower, is engaged vdtli the lower by^ allowing 
the Aveight of the body to engage the clutch, which is keyed to 
the upper spindle, to lock with the lower. The upper bevel gear 
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runs idle on the upper spindle. When the tap has passed through 
the work or bottomed as the case may be, raising* the drill- 
ing* spindle first disengages the clutch from the lower spindle, 
and then clutches it with the upper gear, thus driving the lo\yer 
spindle through the bevel gears in the reverse direction at an in- 
creased velocity due to the increased ratio in the gearing. When 
a number of holes are to be tapped to the same depth the stop 
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shown is used. When this stop comes in contact with the surface 
of the work, the body of the tool stops and the tap and its spindle 
draws away from and disengages the clutch. A slight up\var(l 
movement of the driving spindle engages tlie, gears and tlie tap 
is backed out. 

The ‘Tresto” drill chuck, Fig. 209, is a positive driven holder 
provided with an assortment of drill sleeves which may )je se- 
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cured in the holder without stopping the rotation of the machine 
spindle. The sleeves are driven by a tang and held in position by 
two pins in the body of the holder which engage the groove 
shown in the sleeve. The collar, which rotates upon the body of 
the holder, v/hen down locks the pins into the groove and when 
held up allows the pins to throw back, releasing the sleeve. A 
marked saving in time is effected by the use of holders of this 
character on work requiring various sizes of drills esiDecially when 
the drilling machine is provided with but one spindle. 

Straight shank drills must be held in drill chucks, of which 
there are a large variety on the market. In Figs. 210 and 21 1 are 
shown two well-known chucks for this purpose. They are exam- 
ples of the two general classes, Fig. 210 showing a chuck in 
which the jaws have a radial motion, and Fig. 21 1 one in which 
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the radial motion is due to another motion along the axis of 
the chuck. 

Chucks of the class shown in Fig. 210 are made in sizes to 
hold from o to 2 inches, while those of the class shown in Fig. 21 1 
are not made beyond ^-inch capacity. 

Tlie drill chuck shown in Fig. 212 is regularly made in two 
sizes holding drills to Jd inch. It consists of a shank, sleeve nut 
and taper split bushings. The bushings are hardened and hold 
blit one size of drill, separate bushings being required for each 
size. The compactness of this chuck makes it a very convenient 
tool for light work. By using a split steel sleeve parallel on the 
outside and tapered to fit the drill shank on the inside, taper 
shank drills may he satis factorih^ held in the parallel jaws of the 
drill chuck. In the Pratt chuck, a bar through the chuck has a 
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rectaiigular hole, which receives the tang of the taper shank drill, 
thus making a positive drive. 

In using drill chucks, it would be well to bear in mind that the 
keys and spanners furnished with them will grip the jaws suffi- 
ciently tight upon the drill without the assistance of a 12-inch 
monkey wrench or two feet of gas pipe. Overstraining a chuck 
destroys its accuracy. Always remove a chuck from the spindle 
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the same as 3^011 would a drill or socket — with the drift. Don’t 
feel that because it has a large hub you arc expected to knock 
it out with a hammer. 

lA-fore inserting the shank of a drill, socket or chuck in its 
bearing, wipe both surfaces to free them of oil and dirt, thus 
making them hold better and preventing injury to the surfaces. 
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In using the drift, a light upward blow on the underside of the 
outer end will usually start the drill easier than a heavier blow 
on the end in the direction of its length. 

The solid tap wrench, an example of which is shown in Fig. 
213,. is provided with one or more squai'c holes to fit the scjuarcs 
on the end of the taps. The principal objection to the solid tap 
wrench is that each hole will properly fit hut one size of tap 
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shank, thus requiring a number of wrenches to meet genera! re- 
quirements. When more than one hole is made in tin.', wrrnch, 
the handles become of unequal length when using aii}' bin the 
central hole, which results in an unbalanced pressure on the 
opposite sides of the tap, producing a transverse strain, In die 
resistance of which the tap is weak. Good judgment on rlie ipart 


T?iG. 213. 


of the operator will, however, enable him to balance these pres- 
sures. Again, the tendency is to use these wrenches on taps the 
squares of which are too small to properly fit in the holes, thus 
rounding* and twisting the tap squares. 

In Fig. 214 is shown an adjustable tap wrench. Upvsc 
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wrenches adjust to fit a wide rang'c of sizes. Of the particular 
wrench showiij five sizes take all taps from the smallest to ! ! j 
inch. The dies forming the squares are carefully hardened and 
fitted in the bodt'' of the wrench, thus preserving a true square, 
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whidi fits nicely the square on the tap to which they should be 
closel}' adjusted. 

The T-handled tap wrench. Fig. 215, is an excellent tool 
for holding small and medium-sized taps in the tapping- of lufies 
in inaccessible places, it is virtually a split chuck having four 
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slots cut in the shank which engage the four corners of the square 
on the tap shank. It is an excellent wrench for driving pin 
reamers. 

Frequently the natui'e of the work prevents the use of a tap 
wrench having two handles. In such cases the single handled 
wrench is used. The handle is preferably attached to the shank 
through a ratchet, which enables the operator to take shorter 
strokes than would be necessary with the solid end wrench. Some- 
times a common monkey wrench is used for this purpose. It 
should be a good wrench, having square, true jaws, which should 
be carefully tightened onto the tap shank each time the wuxj;'''’'' 
is put on. In using* a single-handle tap wrench, the worknit 
must steady the shank with the left hand, so as to offset the siq- 
pull on the tap. ^ n 
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MANDRELS. 

The term mandrel is applied to that class of tools upon which 
work that is to bo machined between centers is usually held. 
It is frequently called an aihor, although the distinction between 
the two may be quite clearly defined. A mandrel is designed to 
carry work that is to he operated upon by a cutting tool, while 
>>11 the other hand the arbor carries and drives a cutting tool, as 
^^’Uh the milling machine and saw arbors. 

'iiiru 4 ;ip(;irels may be classed under two heads, solid and expand- 

is made slightly tapering*, in order that 
it niav bt' a tight fit in the bore of the work. The 

amount of th, cv..,. varies with the class of work the mandrel 
is to lie used on, it bd^* Init slight at the most. 

A bar of common uNiutKl iron or steel centered and turned 
to the rcM [Hired diameter amslitutcs the mandrel in its simplest 
form. Such a tool, as is usually found in the average jobbing 
shop, is showm in Fig. 216. It is hardly worthy the name ixian- 
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drel, and although a solid one might fairly come under the ex- 
] landing, or rather shrinking class, as it is brought down by 
turning and filing to fit the bore of every new piece of work 
that comes along. It has one quality, however, that can always be 
(lei)ended upon, and that is untruth. With mandrels of this class 
accurate results cannot be expected. 

Since a mandrel must be rigid, it should be as short as the 
nature of tbc work will permit, and made of as stiff a material 
as possible. Its centers should be carefully formed, and the 
body finished cylindrically true ttpon them. The centers, at 
least, should be tempered or case hardened, to prevent their wear- 
in out of true. In .Fig. 217 is shown the correct construction for 
the end of a mandrel. The end for a length about equal to the 
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cliamvlcr dF the tool is reduced slightly in diameter and provided 
with a llat on one side, against which the screw of the dog or 
ilrivcr is sot. As the dog is very apt to mutilate somewhat the 
ends, this reduction in diameter is quite necessary. Since the 
accuracy of the mandrel depends so much on its centers, it is 
necessary to protect them as much as possible from injury while 
forcing the mandrel into the bore of the work. This is best 
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accomplished by recessing the ends around the center bearing as 
shown in the ligurc, The angle of the bearing should be 60 de- 
grees, with a small hole drilled at the bottom. The object of this 
<lrilU''il hole is to prevent strain being thrown onto the delicate 
point of the machine center, and to form a small oil reservoir to 
aid in lu1)ricating the bearing. ^ 

In hhg. 2:f8 is shown a hardened and ground steel mandrel. 
The.«ie tools are made for general shop work, the length increas- 
ing with the diameter from 3V1. inches for a p.mmeh mandrel 
17 inches for a 4-inch. These lengths are, of course/ krbiti:-v^7 



and may for si)ecial uses be materially incfease;^fc iccreascd. 
y\s manufactured by the several makers, these differ 

but liiilo in lemhb and ..details of design. They. ®tht,he made 
of a uoM(l gra« tool steel, carefully hardened centers 

la])]>cd true after the hardening, and the hogU]^^/:, on d cylin- 
dricalh- true ttpon these centers, it being rotatecU|^^ jatioiiary 
or dead centers for this last operation. ^ h ^ ' 

When the greatest possible accuracy is is 

sidered best to make these mandrels of tot: lH:^Aai(iled toM 
steel, with the ends only hardened. This Y’h/'lis m/the fact 
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that the steel if hardened throughout changes somewhat In form 
and receives temper strains, which, although relieved in the grind- 
ing, does not allow the tool to immediateh' take its permanent set. 
For this reason a mandrel that has been hardened throughout 
should be first rough ground, leaving a small amount for final 
finishing. This finishing should not be done for some time after 
the rough grinding, thus allowing the tool to season and to acquire 
permanent set. The set will not be appreciably altered if only a 
very small amount is left for the final finish. 

Hardening makes the mandrel stiff er and less liable to surface 
injury than in the case of the unhardened one. It is not, how- 
evL for the purpose of allowing careless workmen to run their 
cutting tools into its surface with the idea that it will not be 
injured thereby. Cutting tools are usually made of a higher 
grade steel than the mandrel, and often tempered harder, in which 
case the mandrel suffers if the tool comes in contact wfith it. 


These mandrels are usually tapered about one-hundredth of 
an inch to the foot, the diameter being exact at the center. The 
size is stamped on the flat at the larger end. They will fit holes 
reamed with standard reamers, although the taper prevents nni- 
grip on the work at the two ends of the bore. In forcing 
these mandrels into the bore, good judgment must be exercised, as 
they constitute a wedge, which will produce enormous pressure 
iHlo^xed too hard, resulting in bursting the work if hard and 
^y^iltT^or if soft in permanently enlarging the bore and giving it 
^^to'xsponding to that of the mandrel. 

TheaisXtjf the hardened and ground mandrel does much 
toward t're uniformity in the size of holes, in the 

work oishvps, wu^e these tools arc used. A hole only a few thou- 
sandths oi over size prevents, in the first case,, 

the manure i M QtH enteringAo^icl in the latter allows it to fall- 
. through, taper makes good comparati^x gauge by 

means of differences iiixJiameter of bores may be 

compared by g I'elative distance to which the mandrel enters. 

Kxpansio.; oaridrcls. while possessing the decicfecir^l'^aiilage 
over the soHd||^s',of a,;-pavaild grip in the bore of the work, have 
too often the wdvantage of complicarion of parts, which makes 
'them most accurate work, and especially so after 

they have Avorn, These objections, however^ 

can hardly b 'll to exist in the case of the mandrel shown in 
Fig. 219. consists of a cast-iron bushing, having a 
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tapered bore, which fits accurately the taper of the mandrel. The 
bushing*, which is ground externally, parallel and to exact diam- 
eter, is split partly through at two points, and entirely through at 
a third, thus allowing* for a slight expansion when the mandrel is 
driven in. Three bushings varying by sixteenths for the smaller 
and eighths for the larger sizes may be used on each size of man- 
drel. The taper used is inch per foot, the bearing surfaces 
being accurately ground. It is evident that the allowable amount 
of expansion is small, yet sufScient to grip firmly in an accurately 
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sized hole. An attempt to expand this bushing in an oversized 
hole would result in cracking it ; a thing that would happen before 
the bushing, due to its expansion, would throw the mandrel ap- 
preciably out of true. The bushings are regularly listed from 
inch to 3^/8 inches in diameter, requiring eleven mandrels for 
the .complete set. 

The expanding mandreh Fig* 220, consists of a hardened and 
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tubing. The jaws fit the slots in the band nicely and are carefully 
seated on the bottom of the grooves in the mandrel. 

The outer edges are ground iDarallel. Forcing the mandrel 
through the jaws expands them. These tools are regulariy made 
in eleven sizes, taking from ^ inch to 7 inches. On those ntniiing 
between i inch and 23d inches two sets of jaws are furnistied for 
each mandrel, and above 234 inches three sets. 

The mandrel of Fig, 221 consists of three stepped jaws, capa- 
ble of end motion in three splines, which are milled in the l)ody 
of the mandrel at a considerable angle with the axis. The head 
A, which moves over a parallel portion, E, of the mandrel is 
recessed at C to receive the notched ends of the jaws, thus 
holding them in the same relative position. In operating, the 
jaws are moved to the small end of the mandrel, the work placed 
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on the proper step and the mandrel forced through, the jaws 
anding to the bore of the work. This tool is made tti four 
TTfttdng all l)ores from to 4 inches. 

,^hcir-4t is‘ necessary to face a piece of work that is being 
a i'\inndi^ close ^lown to the bore, the expanding types, 
'■*hove, hrS^ the' advantage over the solid mandrel, since 
:an be l-^ft projecting slightly over one end of the bush 
/Inch allows room for the cutting tool to pass over the 
.c bore. ' , 

t-requently it Jeconics necessary to lAchine work, the bore 
of which is othc|than cylimlncal, on a mandrel. When the 
cross-section of siBi boies is circular, a cone mandrel can be used 
to advantage. S* a tool is shown in Fig. 222. It is strictly 
a special tool, as ifrange of adaptability is small. It is necessary 
that the faces, A I of the work be machined at right angles to 
the bore bcfoic IP^^S the mandrel, as, otherwise the work 
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will not be held concentric with its axis. The coning" bush, B, mav 
be shrunk on, pinned or threaded to the mandrel, and C should be 
keyed and backed up with a nut. These bushes should be turned 
in place on the mandrel centers. 

For mandrels of large diameter the form shown in Fig. 223 
is frequently used. Here the draw bolts, A A, two to four in 
number, take the place of the nut in the preceding figure. As be- 
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fore, one disk is secured to the mandrel and the other keyed but 
capable of motion over it. 

In Big. 224 is shown a kink in mandrels that for some classes 
of work can be used to advantage. As with all tools of this 
class it should be reasonably well made, accurately finished as to 
diameter and parallel. A short piece of round drill rod serves fnr 
the roller which lies in a milled groove that is a fcAv thousandths 
of an inch deeper at the back than the diameter of the roller. Ir. 



operation, the first start of the work to turn the roller-be- 

tween the slot and the wall of the bore, liohriiig lIk.* "work firmly 
from turning. A slight backward turn releases it, and the mandrel 
can be slipped out without pounding. TIk bore of the work must 
fit the mandrel exactly, as the slack is all taken* up on one side, 
which will throw the work out of true if loose. This mandrel 
would not be suitable for work on which the pressure of the cut 
was in the direction of its axis, as in most millirg and planing be- 
tween centers. , , 
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When the bore of the work is threaded, the mandrel must be 
provided with a thread to fit the bore, and a radial face, against 
which the work screws to a stop. This is commonly known as 
a nut mandrel, and in its simplest form is shown in Fig. 

Work that is to be finished on this mandrel should at the time 
of threading, if possible, have one face turned at right angles 
to the here, so that it may seat squareh' against this face. This, 
however, is not possible when the w^ork is tapped, as is the case 
with nuts. Since, for rapidity of manipulation, the mandrel 
should not fit the thread of the work too closely, an untrue 
seat cocks the work, and it is not faced squarely. The ball seat 
face of the mandrel shoAvn in Fig. 226 overcomes this difficulty 
very nicel}\ 

In finishing round, smooth machine ])arts on a screw or nut 
mandrel they usually tighten under the pressure of the cut so 
fiimly against the face, that it is difficult to remove them without 
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injuring their finish. The mnndrel .shown in Fig. 227 is a valuable 
tool on work- of this character. The collar A forms the bearing 
"ace F and is keyed to the mandrel, the spline allowing it to slip 
lack -when the mil 11 is slacked, and thus relieves the pressure 
■■between rWid the face of the work. By using a finer pitch thread 
m S than thcMnandrcl thread, C, or a left-hand thread in E, when 
.. . is li.gn.: aaaci, me ccillar may be omitted. This makes a cheaper 
tnandvcl, bol iT^oi so good, as the nut and work lock so firmly 
that cons' icraiy-.|'vroree is usttally neces.sary (o start the former. 
■\Vheu t!ic work ikm he faced the threaded portion of the mandrel 
should be somewhajf shorler 4 han the thickness of the work, thus 
allowing the cutting to..)l n. reacT^e tops of the threads in the 
'njiu-ing tire mandrel llireads. 
hel is one used in the end of a piece of 4vorl<, as 
nple.'at A in Fig. 228. These generally fit a tap- 
re special in character.' 

11 ushally drive the work by friction. If the work 
ietc;,r for the size of the bore, it sbould be driven, 


MANDRELS. 


l6l 


if possible, from a point near the circumference, independent of the 
mandrel. A mandrel the surface of which has been oiled slightly, 
will drive nearly as well as if 'dry; and the chances of abrasion, 
in case of slipping, with its certain injury to tool and work, 
materially decreased, 

j\Iandrel center bearings are often made ' too small to wear 
well, as the intense pressure between the machine center and 
the bearing prevents proper lubrication and increases the chances 
of breaking off the center. A shallow trench, cut to the point 
of the machine center on the top side, improves the chances 
of getting oil to the bearing and does not injure the center, the 
]3ressurc on it being generally from the under side. When rotat- 
ing between rigidly clamped centers, the slight expansion of 



the mandrel, due to the heating of the work, will ffequci 
increase the pressure between » centers and bearing sufficijs^ii 
force out all lubrication, and • cause abn^sion of ^che >mrface, , 
which is certain to ruin the bearing. fruidyie is- ihost likely 

to occur when the work is rotating at a high, rate, as'''h»r filing or 
polishing. This bearing should, therefore, be /of liberal size and 
well lubricated. ‘ 

Since the value of a mandrel depends largely upon the con- 
dition of its center b:Sanngs, it is very important that they 
be carefully protected from injury in di;iring. Notlung harder 
than a copper hammer should be used un the mandrel ends. :V 
babbitt hammer or raw-hide mallet is i)referable. If these arc 
not availalde, a block of tough wood, end grain, must be used 
binder the common hammer. The mandrel hibek shown in Fig. 
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229 forms a solid support for the work while the mandrel is bemg- 

^^"'rh "beltTractice dispenses entirely with driving and presses 
the mandrel into the bore. A press designed for this putpose 
is shown in Figs. 230 and 231. 

The smaller press, Fig. 230, is for light work, handling man- 
drels up to ikl in'^h in diameter. It is arranged to clamp tti 
bed of the lathe or on a bench. For the heavier work the press 
shown in Fig. 231 is suitable. It is mounted on its own column and 



an ;uljiistal)lo knee. The plunger ami lever are 
ted and a ratchet lever adjustment provided on the 
Whpi the lever is up the pawl is disengaged and the 
’ ([U 'jdy adjusted to any required height by turning* 

, . 'cad pad iin ihttjjasc of the column prevents in- 
dn liould it fall in pressing put. The loop shown 
iKirel from falling on its side. With these presses 
)C forced squarely without injury to them or the 



CHAPTER XIIL 



THE LATHE. 

That most important of all machine tools, the lathe in its 
several forms, naturally comes first for our consideration. Tlie 
great variety of work that can be performed on the lathe, and 
the efficient way in which it is done, are the conditions upon 
which its importance depends. The young mechanic, when com- 
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plete master of the lathe, as“,'uscd in general work, will have / 
learned nearly all the principles involved in the . operating of they 
other classes of ordinary machine tools. d 

For special w^ork the lathe is so modified to meet the parting 
cular conditions that its identity is almost lost. For example, tl£;^ 
turret lathe, the screw machine, the pipe threading machine, 
cutting off machine and even the vertical boring' mill 
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modifications of the lathe in which the principle of rotating the 
work to a stationary cutting tool is carried out. 

The speed, or hand lathe, an example of which is shown in 
Fig. 232 is the simplest form of metal turning lathe. It is a 
single geared lathe which means that the cone is secured to the 
spindle, the number of changes in spindle speed depending upon 
the number of steps on the cone. The tool rest is adjustable 
in all directions, but not provided with feeds. These lathes, 
when provided with foot-power mechanism, may be driven by 
the operator. They are, however; usually furnished with a coun- 
tershaft and driven from some other source of power. The hand 
lathe is used for all classes of turning operations in which a hand 
tool is used. They are also used for drilling, filing and polish- 
ing rotating' work. When used largely for drilling, the lever 
operated tail stock spindle, as shown in Fig. 233, is of value, as 
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it provides for a quick movement of the spindle and is more sensi- 
tive than the wheel and screw feed. In the tail-stock shown the 
>1 spindle, screw and hand-wheel. are mounled in a quill which fits 
%hc liearing- in the body casting. A segment of a gear pivoted at 
back of the body casting engages a rack cut on the quill, 
"^^irning the segment by means of the lever moves the quill and 
^P^ 'pdle. Locking the segment secures the quill, and the ordinary 
scret.tr feed can he used independent of the lever. 



wWch the other elements operate over accurately planed and 
fitted shears. It should be well designed, heavy and rigid. The 
deflection due to its own weigdit and the pressure of the cut must 
be within very narrow limits. The form of shears used, on en- 
gine lathes, almost without exception,- is shown in the cross sec- 
tion of bed, Fig. 236. The head and tail-stocks rest upon the 
iiiside pair and the carriage on the outer pair. This view also 
shows the cross section of bed usually employed. It consists 
of two parallel Fs tied at frequent intervals by the cross girts 
shown. Beds, when short, are supported on legs at the ends, as 
shown in Fig. 234, but when the length becomes excessive and ma- 
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tcrial deflection due to its own weight would result, one or more' 
intermediate supports are introduced. 

The head-stock contains the mechanism that receives and 
transmits the power through the spindle to the work. Its im- 
portant features are the retaining head and spindle bearings, 
5pindle, cone, feed, screw and back-gearing. The retaining head 
should be so formed as to best resist the heavy strains to which 
it is subjected. It should be properly fitted to’ the inner shears 
and clamped in place. The live spindle and spindle bearings are 
the most important elements in the lathe, as the accuracy of the 
work produced depends very largely upon the accuracy of the 
spindle. It should be cylindrically true, accurately fitted in its 
\ hearings and its center of rotation exactly parallel with the shears. 
The threaded nose and center bearing must be exactly concentric 
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with the liearing parts of the spindle. The cone should be given 
a nice bearing fit on the spindle and the back gears i^roperly cut 
and pitched. The feed and screw cutting gear should be reliable 
and powerful The head-stock of the lathe shown in Fig. 234 
illustrates the general form as used in double geared lathes. 

The live spindle l)caring is usually made of bronze or genu- 
ine babbitt metal. When the latter material is used it is, after 
being cast in the casing, penned sufficiently to fill out any shrink- 
age as well as to intensify the metal, after which it is bored, 
reamed and carefully bedded by scraping to an accurate fit on 
the s])in(lle. The Babbitt bearing as used on the lathes by the 
F. E. Reed Co. is shown in Fig. 235. In order to reduce the 
Avear to a minimum the spindle bearings should be large. Pro- 
visions for taking up the wear arc, however, always neces- 
-sary. The end thrust of the s]dndle is usually taken at the end 
hearing, an adjustable thrust screw receiving the pressure. The 


inoclern engine lathe is usually provided with a hollow spindle, 
tlie size of the hole often being as large as the diameter of the 
spindle will safely permit. This is frequently a point of great 
value in working up stock that will pass through the spindle. 
All back-geared lathes may be run as single geared lathes by 
locking the cone with the spindle gear. The purpose of the back- 
gear is to reduce the speed of the spindle and correspondingly 
increase its pull. Thus, with a five step* cone running single 
geared, five changes of speed can be had, the speed reducing and 
the leverage increasing as the belt is shifted from the smaller to 
the larger steps. If, for example, the smallest step is 6 inches 
and the largest i8 inches in diameter and the countershaft cone 
has steps of the same diameter, as is commonly the case, then, if 
the belt is running on the large step of the spindle cone, which 
is making say twenty-five revolutions per minute, a shift to the 
smallest step will give, if the belt continues to run at the same 
■speed, 3 x 25 = 75 revolutions per minute, but in shifting to 
the small step on the spindle cone, the belt goes to the larg'e step 
of the counter cone, which, since the counter i*uns at a constant 
number of revolutions per minute, increases the belt velocity in 
the ratio of 6 to 18, or three times, and consequently the spindle 
will revolve 3 x 3 x 25=225 times tier minute. If now the 
back gear is thrown in, five more reductions in speed may be had. 
In Fig. 237 is shown an outline of the double gear arrangement. 
The cone, when back-gear is in, is disengaged from the spindle 
gear D, which allows it to rotate free on the spindle. Gear A of 
&ay 30 teeth is secured to the cone, revolving with it. A gears with 
C of 80 teeth, B and C rotate together, C of 20 teeth g'cars with 
D of 90 teeth, and since D is keyed to the spindle the latter is 
driven by the cone through the chain, A, B, C and D. If we 
assume as before that the belt is on step F and the spindle makes 
25 rev rtlut ions per minute, putting in the hack gear decreases the 
rotation of the spindle hy the amount of the back gear ratio = 
30-80 X 20-90=1-12, which would give 25X1-12 = 2 1-X2 
revolutions per minute. If on the small step of the cone, it would 
he 225 X 1-12= 18% revolutions. 

In outline, Fig. 238, is shown the usual triple gear arrange- 
ment. Let A, B, C, D, F, G represent the same values as in 
Fig. 237. If I and J are thrown out 1 w moving them through 
their ‘bearings in the direction of the arrow, and C thrown into 
gear with D, we would have the same conditions as in Fig. 237. 
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When arranged as shown in the figure, however, H corresponds 
to C, and I to D, J rotates with I and gears with the internal 
gear on the back of the face-plate and thus gives a second geared 
reduction. The velocity ratio would then be 30-80 X 30-60 X 
40-200 = 3-80 or for the 25 revolutions of the cone in the former 
example the spindle would revolve 25 X 3'8o = 15-16 of one 
revolution. 

In large lathes’ performing* very heavy duty, the application 
of the power to the circumference of the face-plate steadies the 
cut and removes the excessive torsional strain that would be 
thrown upon the spindle if all the power was transmitted 
through it. 

The tail-stock, or foot-stock, as it is frequently called, is 
accurately fitted to the inner shears. It can be moved along the. 



shears and clamped firmly to them at any point. The function 
of the tail-stock is to carry the tail or dead spindle. This spindle 
fits its bearing closely, can be moved in or out tlirough a con- 
siderah-Ie range and clamped in aiyy position. The axis of the 
dead spindle extended should be coincident with the axis of the 
live spindle. The dead spindle is always provided with a cross 
adjustment commonly called the set over and much used for 
turning* external tapers on work held between centers, as well 
as for making* the close adjustment necessary to bring* the center 
exactly in line for parallel turning*. 

A form of tail stock largely used in Europe is shown in* Fig. 
239. It is becoming quite popular among American builders. 
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Its leading advantage is in its use on a lathe having a com- 
pound rest, as it allows the rest to swing around parallel with 
the shears and still get in reasonably close to the center when- 
the tail-stock is close up to the carriage. It is commonly called 
the “cut-away” tail-stock. 

The carriage is the tool carrying device and stands next to the 
head-stock in importance. It rides, as shown in Fig. 240, on the 




outer shears and is gibbed front and ])ack to the outer under 
faces directly below the shears. Gibbing to the inner under faces 
and weighting the carriage have given over to the better practice 
above referred to. The old weighted carriage in which a heavy 
w^eight, suspended from the bottom, held it to the shears precluded 
the possibility of cross girts to stilfen the bed and increased the 



wear between shears and carriage. The apron on the front side 
of the carriage contains the feed mechanism and, with the ex- 
ception of the make of lathe of which Fig. 240 .shows the carriage, 
the lead screw and lead nut. The details of the apron vary 
considerably, all however, being intended to accomplish the same 
results. In general, motion is transmitted from the splined feed 
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rod through a keyed sleeve which slides over the rod and carries 
a bevel gear which connects through a clutch and suitable train 
of gears to the pinion which engages the rack on the under front 
edge of the top of bed. Ju a similar manner the motion is com- 
/uinicated to the pinion on the cross-feed screw. By engaging 
either clutch the feed that it controls will operate. 

A suitable clamp for securing the carriage to the shears for 
•cross-feed work is always provided. The most common method 
is to pinch either the front or back gib, the square head screw 
shown on the top right-hand side of carriage in Fig, 234 being for 
this purpose. 

The slide rest which carries the cutting tool is gibbed to a 
cross shear which is exactl}^ at right angles to the spindle. In its 
simplest form the slide rest is a single piece carrying the tool 
post or clamp. This forms the most rigid rest, it having but the 
one gibbed joint, The raise and fall rest is shown in Fig, 241, It 




is a form of elevating rest. In Fig. 242 is shown a compound 
rest. This forin, while not as rigid as the plain rest, has become 
very poi3iilar among machinists, because of its points of con- 
venience. It has the regular automatic cross-feed and the 
auxiliary feed which can lie operated at any required angle with 
the spindle. This latter feed for the larger lathes is frequently 
made automatic. The manner in which it is accomplished by the 
Putnam Machine Company, on lathes from 22 to 42 inch swing is 
shown in Fig. 243. Here the spliiied cross-feed screw carries a 
sleeve, which, by means of an eccentric operated by the handle 
at the left, can l)e clutched with one of the four bevel gears that 
transmit the motion to the nut. 

The slide rest shown in Fig 244 is for use on speed lathes as 
shown in Fig. 232 for light turning work. It may be clamped 
in any desired position on the bed. It is provided with hand 
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feeds only, and as the slides are mounted on a graduated base it 
may be set at any desired angle for taper turning. 

In all engine lathes the carriage is moved over the shears by 
means of the lead screw or the feed rod and their connections. 
The former constitutes a positive drive without possibility of 
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slippage, while the latter is a purely friction drive. The in- 
dependent feed rod is frequently dispensed with in small lathes, 
and the lead screw made to do its work. In such cases the lead 
screw is sjdined and the feed mechanism is driven from a collar 
which has a feather engaging the spline and slides over the lead 
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screw. As the feed is engaged by means of a clutch this also 
forms a frictional driver. 

The feed rod is driven by l)clt and provided regularly with 
+hrce changes of speed. Since it is frequently desirable to have 
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feeds finer or coarser than these three changes can give, it is now 
quite common to provide either a change gear connection with 
tlie feed rod as shown in Fig. 245 or provisions for connecting the 
feed rod with the change gear mechanism of the lead screw as 
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shown iir Fig. 246. In Fig. 245, by changing places with gears .-V 
and B, or- substituting others any desired speed of feed rod C can 
be obtained. Tn Fig, 246 when gear E is in dotted position the 
feed rod is driven by belt in the usual manner. When, how- 




ever, change-gear feeds are required E is in position shown and 
’iS driven by the gear D which is secured on the sleeve A and 
receives its motion through the change gears F and B. The 
clutch G, which slides over a key in the lead screw L, is dis- 
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engaged from the sleeve A, thus preventing the lead screw from 
turning while the feed is in operation. 

As the carriage must be capable of feed in either direction, a 
change in direction of motion of feed mechanism must be pro- 
vided for. This is usually accomplished by interposing an idle gear 
either in the mechanism of the apron and allowing the feed rod 
to rotate constantly in one direction, or in the head-stock gearing. 
The latter is the more common method, inasmuch as a change 
in direction of lead screw rotation is necessary and that cannot 
be accomplished in the apron. In Fig. 247 is shown the arrange- 
nient of gears usually employed. Gear A is secured to the spindle 
of the lathe. When A gears with B, the direction of rotation of 
the feed cone is as shown by the arrow. B and C rotate on studs 
secured in a plate which turns about the axis of D. By throwing 
the handle IT down and C into mesh with A, B becomes in- 



operative and the direction of rotation of D is changed. The 
stud G also carries one of the change gears E. The diameter of 
gears B and C is immaterial, inasmuch as they are simply idlers 
between A and D, and do not affect the velocity ratio. When 
gear D is of the same diameter as gear A the stud and spindle 
have the same rate of rotation. D is, however, frequently made 
smaller than A, giving the stud a higher rate of rotation. 

The mechanism shown in Fig., 248 is frequently employed for 
reversing* the feed in lathes and other machine tools. The feed 
rod C carries two bevel pinions B and E and the clutch D. D 
slides over a key in C and engages either E or B, both of which 
run loose upon C and mesh with the bevel gear A. When D and 
E are locked the rotation of A will be as shown by arrow, E 
turning free on the shaft, and when B and I) engage the direction 
-of A is reversed. 
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The lead screw is one of the most important parts of the lathe,, 
as accurate screw threads cannot be produced with an inaccurate 
lead screw. The builders of first class lathes use great care in 
the production of their screws, the lathe used for cutting them 
being provided with a carefully cut master screw which is used 
only for the cutting of lead screws, used on that lathe. The wear 
on this master screw is therefore very slight, and as soon as the 
lead screw shows signs of inaccuracy ‘the master screw is sub- 
stituted and a new lead screw for the lathe cut. In this way the 
standard of the master screw is very closely maintained. 

The lead screw draws the carriage, the force being applied at 
the nut. It is, therefore, best to take hold of the carriage as close 
as possible to the shears and thus avoid the tendency to cramp 
the carriage. In the lathes manufactured by the American Tool 
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Works Company, the lead screw is placed inside the shears, as 
shown in Fig. 240, in such a manner as to get the most direct pull 
on the carriage. 

The lead screw nut is made in halves ttsuall}^ of brass and so 
mounted in the apron that it can be readily closed onto the 
screw. 

In order to cut threads of different pitches with the same lead 
screw a set of change gears must be provided for the lathe, so that 
the advance of the screw, carriage and tool per revolution of the 
spindle may be exactly equal to the pitch of the thread being' 
cut. In Fig. 249 is shown the common arrangement of change 
gear, generally called a single gear. Gears A, D, and E, and 
the stud G, correspond to the same parts in Fig. 247. L is the 




lead screw, B the gear on screw, and F an idler of any con- 
venient size. 

In cutting any number of threads per inch the point of the tool 
'must move along the work an amount exactly equal to the [)itcli 
ol. the required thread for each revolution of the work, thus if tlie 


pitch of the lead screw is t-6 of an inch and the pitch of threa<l 
l)c cut is t-io, it is evident that the lead screw will make less than 
one revolution while the work is making one. The tool has a<l~ 
vanced t-to of an inch and the lead screw must have rotate<t 
through 6-10 of one revolution. If, therefore, the work and the 
screw were geared together the ratio 6-io would represent the 
teeth in gear on spindle 


ratio of 


This direct ratio cannot usual Iv 


teeth in gear on screw 
he used as the gears A and D are generally of different diameters* 
Assume A as having 40 teeth and D 20, then the stud C makes 
two revolutions for one of the spindle and work. Assuiik' the 
lca<l screw as having six threads per inch, to determine the mmi- 
' her of teeth in gears E and B to cut any required uumher (d' 
threads per inch on the work. If six threads arc required the 
screw must make one revolution to the work one, and since gear 
E rotates twice as fast as the work it should have onc-hrdf as 


many teeth as gear B. 

"Hie following general expressions give the ratio of teetli <''U 
stud to teeth on screw in problems similar to the above : 


Teeth in gear on stud s|)i«dlc rotation threads on screw 

^ X ^ 

Teeth in gear on screw stud rotation threads on \vi nic 

With same condition as above, required to cut threads : 

Teeth in stud gear t 6 6 

= = — 

Teeth in screw gear 2 12X 25 

As 6 is too low a number of teeth for practical use hoth. terms 
of the ratio must be multiplied by some number that will give 
gears of reasonable size. In the present case use 3 which gives iS 
teeth in stud gear and 75 in screw gear. 

Iwequently when very wide ranges of screw cutting ai*c desired 
a compound system of gearing similar to that shown in Fig. 250 
is used, thus avoiding the use of excessively large or very siiiall 
gears. In this arrangement H is the intermediate stud, I the 
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first gear on stud and K the second/ This gives two gear reduc- 
tions in place of one in the single gear shown in Fig. 249. The 
calculations for determining the proper number of teeth in each 
gear to cut aiw thread with the compound gearing involves one 
more ratio than with the single. 

Assuming the velocity ratio of the stud G and the spindle the 
same as in Fig. 249, and the lead screw }i pitch, we first deter- 
mine the velocity ratio between the stud G and the lead screw 
necessary in cutting the required number of threads per inch on 
the work. For example, to cut 100 threads per inch we would 
find the ratios between the stud and screw — yi X 8-100 = 1-2 5. 
As we would not care to use a gear having fewer than fourteen 




teeth on the stud, a gear of 350 teeth would be required on the 
screw if single geared. With the compound gearing, however, 
we are enabled to divide this ratio into factors 1-5 X 1-5 — 1-25. 
We could therefore use fifteen teeth on gears E and K, and 75 
teeth on gears I and B. In like manner if 70 threads were to be 
cut yi X 8-70 = 8-140 = 4-70, as ratios between stud and screw 
= 2-10 X which would give 15 and 75 teeth for one pair and 
20 and 70 teeth for the other pair. 

Any pair of gears, in which the teeth have the required ratio, 
may be used, it of course being desirable to so select the change 
gears that the greatest possible number of required pitches may 
be cut with as small an assortment of change gears as possible. 

In order to avoid the time lo.st in changing gears where large 
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varieties of different pitch threads are to be cut, several builders 
have brought out lathes in which the change gears arc all 
mountei], a change from one to the other being made b}^ a simple 
lever movement. In Fig. 25 1 is shown this class of change gear 
mechanism as applied to the Hendey- Norton lathes. It will be 
noticed that the change gears are all mounted on the lead screw 
and that the auxiliary shaft A is driven through the gear mechan- 
ism from the spindle at a fixed velocity ratio with the spindle. 
'Gear B is an idler mounted on the shifting lever and communi- 
cates the motion from A to any gear on the lead screw. In this 
manner twelve changes in pitch may he obtained without chang- 
ing gears and for each change in size of gear on A twelve more 
pitches may be cut. 

In this particular lathe the reversing mechanism of Fig 248 is 
applied in the head as clearly shown in cut. By a suitable com- 
hination of levers the o])crating of the reverse is controlled by a 
lever in the apron thus allowing the work to run in one direction 
all the time. 

In a mechanism of this character the gears must be rigidly 
mounted and accurately cut .and pitched, as otherwise in such 
long trains the spring* and hack lash is excessive. 

The form of thread usually used on lead screws has sides of 
about 15 degree angle, as this form allows for taking up the wear 
in the nut by closing it onto the screw. The United States stand- 
ard thread is not well ada].)te(l as the steep angle of its sides forces 
the init, which is necessarily made in halves, apart. 

The lead screw and nul should never he used for ordinary 
feeds as the screw would soon bjse its accuracy through wear. 
Unfortunately for the accuracy of the screw a comparatively short 
portion of its length usually does most of the leading for threads 
■cut in the lathe, and as a result that portion becomes worn and 
inaccurate while the balance remains in good condition. 

The size of a lathe is commonly determined by its swing and 
the length of the bed, the swing referring to the greatest diameter 
of work, when held on the face iilate or in a chuck, that the lathe 
will turn over the shears. Thus, an i8-iiich by 10 foot lathe 
means one that has a heel 10 feet long and will swing work tS 
inches in diameter. The builder usually allows from 54 to inch 
over the rated swing, thus making is possible to actually finish a 
piece of work of the same diameter as the normal swing of the 
fethe. The swing over the carriage and greatest distance between 
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centers are also important dimensions. The former is usually 
from one-half to two-thirds the normal swing of theTathe. 

The lathe should be well and accurately built, of ample weight, 
with operating parts conveniently arranged. Weight is desirable 
and usually indicates a first-class tool. This is not necessarily 
true, however, as frequently a badly designed machine will have 
certain parts excessively heavy with other parts correspondingly 
light, the whole often making an unusually heavy machine — not 
so good as the lighter machine in which good judgment on the 
part of the designer has led to proper proportions for all the 
parts. 

Lathe builders carefully test the accuracy of their lathes be- 
fore sending them out. As it is frequently desirable for the me- 
chanic to test his lathe as to accuracy of alignment, or in making 
repairs on lathes that have become inaccurate through wear, the 
following methods, commonly employed for this purpose,' may be 
of value. 

To determine if the center bearing in the live spindle is axially 
true with its spindle: Turn up, on accurately ground centers, 
the test bar shown in Fig. 252. The shank S should fit the center 
bearing nicely and the collars A and B should be exactly of the 
same diameter. Place the test bar in the live center bearing, 
leaving it unsupported at the outer end, and cause the spindle to 
rotate. If the outer end of the bar runs perfectly true, then the 
bearing must be concentric with the spindle. By using the test 
indicator Fig. T05, the exact amount of the untruth, if any, may be 
determined. 

To test the parallelism of the live spindle and the shears : If 
the center bearing has been found exactly concentric, place the 
test bar in the bearing as before. Put a fine pointed tool or 
scriber in the tool post and so adjust that it will just touch the 
top of the collar A. Now move the carriage until the pointer is 
over the collar B. If it touches it with the same degree of contact 
as on A, the spindle must be horizontally parallel with the shears 
and line of motion of the carriage. In like manner test the front 
side of the collars A and B with the scriber, and if as before 
the degree of contact is the same on botli, the spindle must be ver- 
tically parallel with the shears. 

To test the carriage cross shears at right-angles to the spindle : 
Take a very light cut over the lai'ge face plate and test with a 
standard .straight edge. Jf perfectly plane, the alignment is cor- 
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rect. If the face plate is perfectly true and it is not desirable to 
take a cut over it, a smooth ended tool held in the tool post can 
be broLig'ht up to the face of the plate, near the center, just close 
'enoug'h to pinch a piece of paper lightly. Now move the rest 
out to the outer edge of the plate without allowing the tool or 
carriage to shift along* the bed, and if the paper is still pinclied 
to the same degree the alignment must be correct. 

Assuming the face plate as true both on its face and circum- 
ference, to test the alignment of the tail spindle: Make a stuli A 
to fit the tail spindle bearing as shown in Fig. 253. Bring the 



spindle back until the tail screw starts to expel the stub center 

A, and so adjust the screw that when A bears against its i^oint 
a smooth turning fit between A and the spindle bearing results. 
C is an arm passing through A and secured by the thumb screw 

B, D is a pointer which passes through the arm C and is licld 
by the thumb screw I. Adjust the point E sO' it touches the 
upper surface of the circumference of the face plate at G. Next 
swing the arm around until point E comes on the bottom of the 
plate at J. If E touches at J with same degree of pressure as at 
G, then the tail spindle must be at the same height as the live 
spindle, and in like manner if it bears equally on the two sides 
of the plate the cross adjustment must be right. 
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111 order to determine whether the center line of the tail 
spindle is coincident with that of the live spindle we can reverse 
the point of D and bring F into contact with the face of the 
plate at H. If it maintains uniform pressure of contact while the 
arm C is revolved entirely around, then the dead spindle is cen- 
tral and parallel with the live spindle. 

If the tail spindle has been set over for turning* taper and it 
is desired to bring* it back central, first set it as near to ■ the 
correct position shown by the lines as possible, then place a long 
bar between centers, similar to the one shown in Fig. 252, and 
take a very light cut over the collars A and B without changing 
the transverse position of the tool. Caliper the diameters of A 
and B accurately. If they are not alike, make another set-over 
adjustment of the tail stock and repeat, continuing to do so until 
they caliper exactly alike. Two trials will usually be found 
.Sufficient. 

To test the truth of the live center, place a bar between centers 
and turn a small portion up as close to the live spindle as the 
dog or driver will permit ; then reverse ends with the bar and test 
the turned spot for truth of rotation. If perfectly true the live 
center is running true. The centers in the test bars should always 
be carefully reamed and lapped or worn down to true surfaces. 

It is difficult to keep the lathe centers in good condition and 
accurate work demands that they be so kept. The dead center 
must be true and hard in order to- wear well. The live center 
need not be so hard, inasmuch as there is no wear between it and 
the bearing in the work. The live center should be ground in 
position by means of a center grinder. After being ground the 
live center should be removed from its bearings in the spindle only 
when absolutely necessary, as it is practically impossible to put 
it back and have it perfectly true. A small prick punch' mark 
on the nose of the spindle and a corresponding one on the center 
will enable the operator to put the center Ixick as nearly as 
possible in its correct position. It is advisable, Avherc nice work is 
to be done, to alwa3'S grind the live center after it has been re- 
moved. The center should always be ground to an angle of ex- 
actly 60 degrees. 





from to inch, step and combination chucks, and a complete 
set of turning*, threading* and knurling tools. 

In many shops, and especially those doing a line of jobbing 
work, it frequent!}'^ becomes necessary to turn a piece of work 
too large for the largest latho,.in the shop. The time-honored 
practice in cases of this kind is to use a set of raising* blocks under 


CHAPTER XRh 

THE LATHE IN' MODIFIED FORAIS. 

In Fig. 254 is shown the Pratt & Whitney lo-inch tool-maker's 
lathe ; a tool specially designed and equipped for tool-room work. 
The greatest refinements in lathe manufacture enter into the con- 
struction of this tool. The equipment that usually accompanies 
this lathe is very complete, consisting of a set of drawback collets 
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liead and tail stocks of the largest swing -lathe in the shop. These 
blocks are planed together and' to fit the shears, thus giving the 
same elevation to both stocks and proper alignment. 

The iMcCabe two-spindle lathe is a tool designed to meet 
these conditions. A front view of this machine is shown in Fig. 
255 and a rear view in Fig. 256. The g;eneral construction of the 



FIG. 255. 



. FIG. 256. 

tool is quite clearly sliown in the cuts. The lower spindles tm- 
stitute a standard 26-inch engine lathe suitable for all work that 
would ordinarily be performed on such a lathe. By placing the 
pinion shown in Fig. 255 on the nose of the lower spindle and 
the large internal geared face plate on the upper spindle a 48-inch 
triple-geared lathe is obtained. The elevating tool block shown 
takes the place of the compound rest when using the upper spindle. 
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A very wide heavy bed is used, extending well out under both 
sets of spindles. The upper spindles set back of the lower ones, 
which with a short extension on the front of the carriage cross 
shear allows the tool to be set sufficiently back from the center to 
operate correctly upon the largest work the upper spindle will 
swing. 

Still another form of lathe intended for the occasional turning 
of work larger than the normal swing will permit is shown in Fig. 
257. This is known as a gap lathe. The tool shown swings 16 
inches with gap closed and 32J4 inches with gap open. The con- 
struction is quite clearly shown. An auxiliary bed carrying the 
carriage and tail stock is accurately fitted to the main bed and 



FIG. 257. 


may, by means of a rack and pinion and the hand wheel sliown, be 
moved away from the face plate an amount sufficient to allow the 
large-diameter work to swing through the gap. 

The wheel lathe shown in Fig. 258 is a tool specially con- 
structed for the turning of locomotive driving wheels in place on 
their axle. The two heads are geared together. The work is 
carried on centers and l)y means of suitable drivers is driven from 
each plate. Both Avheels are operated upon at the same time by 
tools held ill separate rests. The rests are compound and pro- 
vided with automatic feed, actuated from overhead rock shaft 
and ratchets on the feed screws. 

A pit lathe is one used for the turning of pulleys and balance 
wheels of large diameter. It usually consists of a powerfully 
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geared head, an outboard bearing or support, and a tool rest. The 
bed is built up of masonry with a pit between the head and out- 
board liearing in which the wheel operated upon may swing. The 
tool rest is mounted upon a cross rail which is supported upon 
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plates resting on ‘the pit tvalls. The tool is provided with a ratchet 
feed automatically opieraicfl. 

Pulley lathes, an example of which is shown in Fig. 259, are 
especially designed for this one class of work. They are usually 
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provided with two tool rests and a revolving tail spindle for 
boring the hub at the same time the rim is being turned, the 
pulley being held in a chuck. It is frequently found advisable, 
'especially on smaller pulleys, to bore the huh in a chucking 
lathe and turn it in the pulley lathe on a mandrel between cen- 





tors. Special carriers attached to the face plate should be used 
for driving ; the drive being taken on the arms at a point as near 
the rim a.s possible. 

When a number of similar pieces, requiring several opera- 
tions, are to be mathined in an engine lathe, much time is 
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necessarily lost in changing from one cutting tool to another. 
The application of the turret head to a standard engine lathe as 
shown in Fig. 260 has done much to reduce the cost of produc- 
tion on work of this class. The turret takes the place of the tool 
block, and consequently ma}^ be given both feeds of the car- 
riage. 

When equipped with drills, reamers, boring and facing tools, 
it may be used to good advantage on a wide range of chucked 



FIG. 261. 



FIG. '262. 


work. When equipped with box turning tools, hollow mills, self- 
opening dies and cut-off slide, it becomes well adapted to i*od 
work on steel and brass. A tapered stop pin locates the. turret 
central with the spindle, and a tempered and ground index ring 
divides exactly the rotation about the vertical axis. 

Other forms of carriage turrets are shown in Figs. 261 and 
262. That of Fig. 262 is arranged to carry common lathe tools 
in order to preserve settings on duplicate work. 
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In Fig. 263 is shown an engine lathe with an automatic re- 
volving turret on the shears and a friction back gear. The turret 
is provided with automatic feed actuated by an independent feed 
rod at the back of the bed. The turret is usually operated by a 



turnstile as shown, the mechanism being such that the head is 
rotated through one division by the last portion of the slide’s 
stroke in carrying it back from the work. This arrangement of 
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turret leaves the carriage free for operations upon the work 
simultaneously with the tools in the turret. 

In Fig. 264 is shown a plain turret machine. The turret is 
hand rotating and hand feed. The usual hand-operated cross- 
slide for cut-off and forming tools is provided. This constitutes 
the turret machine in what is termed its simplest form. 

As a large percentage of lathe work is held in the chuck and 
requires only short tool travel, classes of lathes for this character 
of work, with short beds fitted with turret heads and known as 
monitor and chucking lathes, are made. Fig. 265 illustrates a 
monitor lathe.. The turret slide is operated with a lever or 
screw and provided with a cross adjustment for facing. A 



FIG. 265. 


suitable stop on the cross shear enables the turret to be readily 
brought back to a central position. These lathes are made either 
with or without back gears. The inclined chaser head, which 
carries an inverted tool used for foimiing, boring and threading, 
is carried on a rigid chaser bar mounted on the rear of the 
bed. The bar slides endwise and also rotates in its bearings, 
thus allowing the head to be turned back out of the way when 
not in use. For threading purposes, the end of the chaser 
bar carries what is known as the “folloAver,” which engages the 
threaded “leader’^ shown at the left of the head stock. The 
leader may be of any desired pitch and need not be long, as the 
character of the threads cut does not require it. As many of the 
threads cut in a lathe of this class are pipe threads, some pro- 
vision must be made for cutting them on a taper. In the ma- 
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chine shown, the lever rest on the front of the lathe will, when 
set at an angle with the top of the shears, throw the lever and 
tool out as it advances over the cut, thus producing a tapered 
thread. By raising the lever at the end of the cut, the follower is 
disengaged, and the tool can be quickly returned for another cut, 



being adjusted to its cut in the ordinary manner. These lathes 
are usually furnished with a simple tool rest for hand turning. 
The chaser head can be used for cutting-off purposes. A cut-ofl: 
tool can be held inverted in rear tool post and a chamfering or 
rounding tool held in the other. A forward motion to the lever 
brings the cutting-off tool into action. After the work is cut off 
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the chamfering* tool is brought into action by an outward motion 
of the lever. The monitor lathe is 'Strictly a brass finishers lathe 
and very largely used upon all classes of valves and fittings. 

In Fig. 266 is shown a plain turret screw machine with wire 
feed. This is a plain turret lathe intended for operating* upon 
rod stock. It is equipped with wire feed and chuck, which are so 
constructed that the operator may feed the stock forward the 
required amount for the operation, grip it in the chuck, and when 
finished release the stock in the chuck without stopping the 
machine. 

Automatic feed is often applied to the turret slide with a 



FIG. 267, 


stop to knock off the feed at any desired point. The larger ma- 
chines are usually back geared; the friction-geared head, which 
permits throwing in the back gear without stopping, being the 
form quite generally used. An automatic oil pump supplies a 
flood of oil for lubricating the cutting tools and carrying away 
the heat. 

The automatic screw machine, an example of which is shown 
in Fig. 267, is a machine designed for the automatic production 
of machine screws and a large, variety of small work that can 
be cut from the end of bar stock. All movements are entirelv 
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lathe. This is a massive tool powerfully geared and capable of 
]jrodric:ng large quantities of duplicate work. A heavy cross 
carriage and inclined turret are mounted on the shears. Itxternal 
operations are largely performed by broad-faced tools, held in 
the cross carriage and the boring and other internal operations 
by tods mounted in the turret. Bushings in the nose of the 
spindle are used for steadying the boring bars. All the formed 
cutters are provided with hardened and ground extension or 
pilots, which fit bushings in the chuck, spindle, or work, thus 
steadying the tool and adding much to its efficieneWL These lather 
are regularly equipped with taper attachments and screw-cutting 
gear. 

The double-turret manufacturers’ lathe shown in Fig, 269 
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is also a tool for operating upon chucked work that is to he pro- 
duced in duplicate. In this tool two turrets, one a boring and 
facing turret, the other a turning turret, are mounted upon a 
revolving plate in such a manner that cither may l.)e brought intd 
operation as desired. The machine is e(juip])ed with a lever 
operated scroll chuck, which ])ermits of putting in and removing 
work without stopping the spindle. 

In Fig. 270 is illustrated an automatic chucking machine. 
This machine is designed to perform automatically the several 
operations required in the finishing of a great variety of chucked 
work. The time of the operator is required ‘Only for clntcla’ng 
and truing each piece operated upon. It is therefore possible 
for one man to operate several machines. As with the aiitomalic 
screw machine, all dead movements are made at ver\^ (fuick 



diameter l)y 24 inches long, the arrang-cment of the tools on the 
flat turret 'being such as to allow the work to pass through a 
distance not exceeding 24 inches. 




THE LATHE iiN HUDihTI’:!) J'UR.MS. 


^95 

111 Fig. 272 is shown a top view of the turret, showing the 
tools in place. The bearing* of the turret, which is gibbed at 
its outer edge, is large. The tools do not overhang and are 
consequently very rigid. The automatic chuck used on this 
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machine is shown in section in uig. 273. It is shown in the 
closed position. By moving the outside collav to the right the 
jaws are released, and the work by means of .iii ingenious roller 
feed is advanced for the next operatitJii. T 1 c chuck jaws may 
be removed and replaced by others of any 
desired size or form within the ca])acity 
of the chuck. 

The “hollow hexagon turret’’ lathe is 
shown in Fig. 274. In this lathe the 
tools arc secured to the sides of a hollow 
hexagon, thus allowing the work to pass 
through. The maximum ca])acity of the 
machine is 2 inches diameter by 24 inches 
in length. The bed rests upon a three- 
point support to prevent • twisting when 
standing on an uneven foundati(.)n. Many valuable features 
characteristic of the other tools hy its builders enter into the 
construction of this lathe. 

The pipe-threading machine and cutting-off machine are 



i^TC. 273. 





CvLODtLkiV iMACiUNF. SLIUP TOOLS. 


lOO 

special forms of turning* lathes designed for their particular class 
ut work, the accelerated speed cutting-oft machines are oper- 
ated by a variable drive so arranged that as the cutting-off blades 
at)proach the center of the bar the speed of rotation increases and 
thus maintains a nearly constant cutting speed from outside t*. 
center of the work. 

loathe countershafts, and in fact all machine tool counter- 
shafts, are important adjuncts to the machine which unfortu- 
nately i\o not always receive the proper amount of thought bn the 
part of the designer or care in their construction, klanv ex- 
cellent tools are sent out with inferior countershafts, and as they 
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are quite apt to l)e neglected by the user, especially in breaking in, 
tliey very soon give trouble. The boxes should be self-oiling 
and tlu‘ loose pulleys ])r(widcd with means for proper lubrication. 
When light and loose pulleys arc used, it is desirable to have the 
loose- imlley somewliat smaller in diameter than the tight, thus 
relieving some of Ibe belt tension when on the loose pulley. A 
snnj(»th, reamed ])ulley ])ore and a smooth-finished and carefully 
lilted shaft will, when properly oiled, give desired results, 
dnleh i)ulleys es])eciany for reversing countershafts are much 
used. 1'lu‘y should ])e simple and admit of proper lubrication 
and adjustment. 
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LATHE TOOLS. 

On the subject of cutting- tools for the lathe we will consider 
only the more general points, as practice alone can bring out 
the details of proper form and setting. 

The common lathe tool as shown in Fig. 275 is a short bar of 
tool steel of rectangular cross section having a cutting edge 
formed on one end by forging and grinding. The cutting edges 



must be hardened and tempered in order that they may properly 
cut the metals upon which they operate. The form of the cutting 
edge depends upon the kind and hardness of the metal to be 
cut, the amount of metal to he removed and whether the cut is 
to lie a roughing or a- finishing one. These tools when new are 
made from six to twelve inches long, their length depending 



FIG. 276. mo. 277. 

upon the size of the lathe in which they are to be used. As the 
edges wear 'And are ground away they are redressed, thus 
gradually using up the stock and finally leaving a short stub, 
that is, as a lathe tool, of no further value. 

The cutting edge of the lathe tool, as shown in Fig. 276, has 
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what we term an angle of clearance A and an angle of rake Lk 
The angle of clearance has the greatest strength value, as the 
smaller this angle the greater the support given the cutting edge, 
her facing, the tool must have some clearance as otherwise the 
cutting edge is held away from the work. On cylindrical work 
if set somewhat below the center, it will clear the ])ody of the 
work but will not properly clear the feed. 

The greater the angles of rake and clearance the more acute 
will be the cutting* edge and the finer and smoother the cut. [f 
the edge is too acute, however, it will not stand up to the work 
properly. The angle of rake has the greatest cutting value, as 
strength of cutting edg*e prevents excessive clearance. 

A tool may have front rake as in Fig. 278, or side rake as in 
Fig. 277. It is usual, however, to grind it with both front and 
side rake as shown in Fig. 278. A tool without rake requires 
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greater force to drive it through the cut as it tears rather than 
cuts the metal. It does not leave a smooth surface and spring.s 
the work unduly. 

For general practice the ^ijigle of clearance should be small, 
only enough to properly clear the er ding edge, from 5 to 15 
degrees usually being sufficient. The . yigle of rake, on the other 
hand, should be as great as the character of the tool and hard- 
ness of the work w?ll permit. The small clearance angle gives 
good support to the cutting edge and prevents its dipping into 
the work. The large angle of rakq^gives keenness to the. cutting 
edge, making a tool that cuts smoothly and free. For these 
acute cutting edges the temper cannot be too hard, as in that 
case the edge chips off. As the hardness of the inetal operated 
upon increases, the angle of rake must be reduced and the hard- 
ness of the cutting edge increased. 
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The above does not apply to the working- of>br,dsi ’3 
metal should be worked with a tool having slight clearatv^e-.r'”’^ ' ' 
and no rake. 

For the same rate of feed a tool operating upon work of 
small diameter must have a greater angle of clearance than is 
necessary when used on work of large diameter, as the same 
feed gives a greater pitch angle in the former case. This is 
clearly shown in Fig. 279. 

It is always desirable when a heavy cut is being taken to 
have that part of the cutting edge presented to the work as 
short as the strength and durability of the edge will permit. 

.A straight cutting edge, A, Fig. 280, at right angles to the axis 
of the work presents the shortest possible length of cut, but the 
delicate point of such a tool will not stand up well. If rounded 
somewhat as shown at B, we get a cutting length but slightly 



greater and of a durable form. If the point is too broad, as 
shown at C, undue resistance is offered owing to the long line of 
cutting action. 

That portion of the cutting edge which lies parallel to the 
axis of the work produces the linish while the portion at right 
angles to the axis removes the metal. The finishing portion of 
- the cutting edge should be considerably longer than the rate of 
feedr thus producing a smooth finished surface. If the cut is 
light and the edge parallel to the axis is long-, the tendency for 
the 'tool to dip or dig into the work is great and especially so 
when jhe angle of clearance is excessive and the cutting edge 
set Ifigh above the center. 

In general a tool works best when set for height at or slightly 
above the center. When above the center any spring in the 
tool or work causes the tool to dip into the work and leave an 
untrue surface. Soft spots in the metal or irregular depth of 
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cut will increase this trouble. As the spring* comes from the 
tool post block and points below the cutting edge, setting the 
tool down to the center of the work reduces but does not over- 
come this difficulty. If the tool rest was perfectly rigid then a 
tool having its cutting edge dropped to a line even with the 
bottom of the tool at point of support would, owing to its own 
deflection, swing out rather than into the work when set at or 
below the center. In all cases the tool should be held as flrmly 
as possible and well back in the tool post. 

In setting a tool for a heavy cut it should when possible Ije 
set raking back rather tliUn ahead as in case of its slipping in 
the tool post it will swing out of the work rather than into it. 
This, of course, cannot be done when it is necessary to take the 
cut close up to the dog or driver. 

Cutting-oft tools work free and smooth when given a small 
amount of top rake. As with other tools, however, when used 
on brass they should have no top rake and will frequently be 
found to work better with a small amount of negative rake. 

The boring tool as commonl}* forged from bar steel is shown 
in Fig. 281. The diameter and length of the stem depend upon 
the size and depth of the bore in which the tool is to be used. 
This tool is necessarily a springy one and should, therefore, be 
as short and heavy as possible, thus requiring a large assort- 
ment of sizes for any range of work. 

Tungsten or self-hardening steel has come into quite general 
use for lathe tools. It is an ‘‘air hardening'’ steel, and after 
forging must be kept from water. As it is "hot short’’ it is ex- 
ceedingly difficult to forge into any other than the most simple 
forms. Its great value over ordinary tool steel lies in its hard- 
ness and temper-holding quality, which makes it possible to use 
higher cutting* speed without in jury to the cutting edge due to the 
heating. It is several times more expensive than the best grades 
of ordinarv tool steel, and for this reason and also on account 
of the difficulties met with in forging iU numerous forms of 
holders for its efficient and economical use have been intiTiduced. 
In all such tools only the cutting portion is of the self-harden- 
ing steel, the holder being a drop forging of mild steel. The 
cutting portion is of such form that it can be kept in proper 
condition for work by simply grinding it, thus avoiding the ex- 
pense of forging. In Fig. 282 is shown an Armstr<->ng tool 
holder of this class with straight bod\L It is also made right 
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and left, a left-hand holder l)eing' one with the cutting point 
(Offset so as to make an angle to the right and a right-hand 
holder having the cutter pointing to the left. A right-hand 
holder is shown in Fig. 283. 

As several cutting points may be used in one holder, a tool 
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of this character frequently takes the place of a number of 
forged tools. They '’possess many points of superiority over 
the common forged lathe tool and are being extensively used in 
manv of the best shops. For very heavy high-speed turning tliey 
are not as good as a heavy tool forged from self-hardening steel. 
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due to the fact that the small quantity of steel used will not 
conduct away the heat as will the larger body in the forged tool. 
Idji* this reason it is always advisable to use as large a holder 
for any job as its nature and the size of the lathe will permit. 

An inserted blade cutting-off tool by the same maker is 
shown in Fig. 2S4. In tools of this class the blade is securely 
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clamped in the holder and may be extended an amount just suffi- 
cient to make the required depth of cut, thus insuring the maxi- 
mum strength of blade in every case. The blades arc carefully 
ground to thickness, given the necessary clearance and sharpened 
by grinding from the end and top. 
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The Hill bent cutting-oft tool shown in Fig. 285 is a simple 
and reliable tool. The blade is firmly held in the holder by the 
clamp bolts shown. The blades are of self-hardening steel. 



A modification of this tool as shown in Figs. 286 and 287 
has made a unique and substantial side-cutting tool. These tools 
are made right and left hand. 

They have self-hardening blades and should be ground mostly 



from the end, the side and top grinding giving the clearance and 
rake. They are a very satisfactory substitute for the forged side 
tool on all classes of work. 

The iMingst ring-cutting tool, Fig. 288, is a box holder in 



which two cutting-off blades may be held. By using distance 
l 3 locks between them, rings of any width within the capacity of 
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the tool may be cut to uniform width. The first cutter is usually 
set sliLjiitly in advance of the second and serves more as a t’Tiide 
than a cutting tool. It is frequently desirable to convert the 
first blade into a side-cutting tool and let it give a truing, cut 
over the edge of' the ring and ahead of the cutting-ofl ))lade. 

The tool shown in Fig. 2S9 is one of the several patent tools 
which meet the requirements of a first-class boring tool very 
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nicelv. The stem which carries a small cutting point of self- 
luydening steel can be extended for any re(iuired depth of bore 
within the limits of the tool. It is jirovided with two cutter- 
holding tips as shown. At A and l.h hhgL 290, are illustraled 
examples of work this tool is atlaptetl to. 

A simple tool of this class is shown in Fig. 291. The hem 




shank is frcqncnUy a point of convenience, especially when it is 
necessary to use a small size of ladder in a large tool ])osl. 

Tile same rules for angles of rake and clearance a])ply to the 
boring tool as for tools on external work. 

A tlireading tool, although a simple tool to forge, is a diflicult 
one to grind and get correct in angle, clearance and lead. 'Plie 
patent threading tools that can be ground without changing 
their fnrni have as a result come into very general use. Hie, 
tool shownJIn Fig. 292 has a bent holder with a cutter, capable 
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of rotation, atlaclicd. to il. 'flic culler is correcll) -imi 
angle and is sharpened l>y radial grinding nn die n. 
cutting surface. The upiier pnrliun of die cniier i- 
allowing the .set screw (ogedier willi die clamp huh i, 
firmly in po.sition. The fnnn is such dial die aiie.nlai 
approach the center as the culling fact' is gri miid had,, d; 



taining proper clearance. The plane of ihe culler i- ■.!!.. 
dined from that of die holder, lo accomiiiodale die loi. 
average lead of the jiitchcs cni. 

The J’ratt & Whitney Ihreadiiig lo.,l, I'ig. ..u.p ha- a 
cutter correctly ground in die angle and liriiily ’ daiiiped 
holder. One corner ol die culler is provided wiih lliiead 
engage the threads on die small loeldiig sermv ',|m.uii 



thc'fii-.ia.rr'Vr' 

C h,mc IS used for cutting dose up (o a shoulder f 

mithils."" "" ' 
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when clamped as shown, and for left-hand threads when clamped 
in the other end of the holder. 

The Rivett-Dock thread-cutting tool shown in Fig. 295 is a 
tool which cuts a thread in an entirely different manner from the 
regular formed tools. It consists of a round cutter, resembling 
somewhat a gear cutter, mounted upon a slide and controlled by 
There are ten teeth in the cutter, all correctly formed 
in the angle, but eacli tooth is oi a iicight 
to cut deeper than the preceding (.'ik-. In 
Fig. 296 is shown by the dotted lines the 
successive , cuts made by the teeth from i 
to 10. The cutter is drawn back from 
the work and the next tooth turned into 
position for its cut by means of the hand 
lever. The bottom of the cutting tooth 
rests upon a substantial support. . 

It will be noted that the teeth remove the stock almost en- 
tirely by an end cut, the full tvidtli of the thread being hnislied 
by each tooth. The eff*ect of this method is to prevent tearing 
up the sides of the thread, as so often happens with the common 
threading tool, where the cut is entirely on the sides. 

The knurling tool, Fig. 297, is a lathe tool in ^vhicli two 
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FIG. 297. 

knurling mills are mounted upon pivots in a head pivoted in the 
holder, the object of the latter adjustment being to allow the 
mills to bear \vith equal pressure against the work. 

Tools for lathes of the turret class are largely made up of. 
standard small tools, as drills, boring bars, taps and reamers foig 
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the inside work with special forming* and box tools for the ex- 
terior surface work. 

In Fig. 298 is shown a forming block and formed cutter. 
Utis tool is securely bolted to the carriage block or cut-off rest. 
The cutter is firmly attached to the block and is of such a form 
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as to produce the required irregular outlines. The top of the 
cutter should be at the height of the lathe spindle. A swinging 
cut-off tool is usually attached, as shown, for cutting olf the stock 
after it is formed up. 

A box milling tool or turner is shown, front and back view, 
in Fig. 299. These tools are secured to the turret. They consist 
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of a hardened adjustable back rest and holder in which the 
cutting tool IS secured. The tool and holder mav be adjusted 
nr obtaining proper depth of cut. The bolder in this tool may 
b> nieans_ot a cam and lever, be thrown back when the tool is' 
removed troin the rvork, thus preventing the cutter from scratch- 
ing the hiiished surface. 

_ -A pointing box tool is shown in Fig. 300. It is designed for 
pumtmg up or crowning the end of bar work. 

I*! Fig- joo A IS shown an adjustable lathe or box mill. This 



tool i, carrietl in the turret and works over the end of bar stock. 

le uitters are mounted m such a manner that they mav be ad- 
justed to turn any diameter within the range of tlie tool' The 

s'tldv the 

n V he eV? " -otters 

hm w ™ of that 
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The box cut-off slide as used on the turret is illustrated in 
Fig*. 301. It consists of a substantial back in which the tool- 
carrying frame is gibbed. A pinion pivoted in the back engages 
a rack on the frame, and by means of the lever on the pinion shaft 
a steady movement of the cut-off tool may be had. Suitable 
stops make it possible to cut to an exact depth on any number of 
pieces. 

A mechanic's success as a lathe hand depends very largely 
upon the skill and judgment he exercises in the grinding and 
setting of the cutting tools. They must at all times be kept in 
proper condition. A dull or improperly formed tool will not 
do satisfactory work and is frequently the cause of serious injury 
or accident to the work. 


CHAPTER XVL 


CHUCKS AND DRIVERS FOR LATHE WORK. 

The dog or driver connects the work with the spindle of the 
lathe, and in its common form is shown in Fig. 302. For all 
ordinary work this device serves its purpose well ; for very ac- 
curate work, however, the eft'ect of its leverage must be taken 
into consideration. As shown at A in the figure, the distance be- 
tween the dotted lines represents the lever-arm, \\dTiich acts on the 
center as a fulcrum, and produces, or tends to produce, a deflec- 
tion in the work. Again, the force being applied at D, and the 




pressure of the cut at C, the tendency to bend the work will be 
greater than when the point D has moved round 180 degrees, or 
on the same side as the tool. The first of these objections is. 
overcome by using the straight-tail dog, as shown in Fig. 303, 
with a stud or driver bolted on the face plate, and the second, by 
using a double-ended dog and driving from opposite sides, as 
shown in Fig. 304. The use of the double-ended dog is usually 
not altogether satisfactory, as it is very difficult to so adjust the 
drivers that the pressure aganst each will be uniform. Double- 
ended dogs are frequently made adjustable. The usual way,, 
however, is to adjust the driver pins rather than the dog. 

As the dogs above shown depend on a screw to hold them se- 
curely on the work, care must be exercised or the work is very 
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apt to be injured. The screw should always have a hardened 
flat or oval point. While such a point does not hold as dnnly 
as the cupped point, it does not cut into the work as l:>adly. When 
used on finished work a ferrule of sheet brass, or pre feral )ly, 
copper should be put on the work under the dog to ])rcvcnt any 
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injury to the work surface. The screw should* he lightened 
enough to safely drive without slipping. Jf the dog slips it is 
quite certain to injure the surface. 

For many cases, and more especially on finished work, the die 




and clamp dogs, shown at A and B respectively, Fig. 305, arc ex- 
cellent. These dogs are very nicely made of forged steel and 
hardened. 
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In Fig'. 306 is shown a form of clamp clog' very well adapted 
to the holding of tapered work. 

In Fig. 307 is shown a bolt dog*. This tool is clamped to the 
face-plate so as to receive the head of the bolt. It will drive 



scpiare or hexagon head bolts, and. where a number are to be 
operated upon, will save the time that would be required to put 
on and take olt the common dog. 

When a dog must be used on the threaded end of a bolt or 



spindle it is necessary to protect the thread, or it will be injured 
by the clog screw. If the work to be driveji does not require the 
screw to be tightened very hard, a heavv piece of brass over the 
thread will usually be found satisfactory. A common practice 
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in cases of this kind is to jamb two nuts on the thread and place 
the dog on the outer nut. In Fig. 308 is shown a very satisfac- 
tory form of dog for use in such cases, it should be made of 
forged steel, tapped the required thread, and split as shown. 
The clamp screw locks it securely on the thread. 

A hexagon nut tapped and split through on one side may he 
locked on threaded work by clamping under the screw of the 
common lathe dog, thus making a safe driver for threaded work. 
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Very light work is frequently driven from the center without 
the of a dog, thus enabling the work to be machined all over 
witlmut changing ends. When an exact center is not required 
in the finished work the square center may be used to drive it. 
Instead of making a round center bearing on the live center end 
of the work, a pyramidal or square center is formed with a punch. 




This bearing fits over a square live center, which drives the work. 
A square center is a difficult one to keep in proper shape. 

Another method of driving light work from the center consists 
in milling a thumb-nail notch in the live center end of the work, 
as shown at A in Fig. 309 and using a live center with a driver, 
as shown in Fig. 310. In this case true round centers are used. 
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A great deal of work done between centers does not require a 
dog, as a face-plate stud or driver will engage some part of the 
work as shown, for example, in the case of a pulley in Fig. 31 1. 
The driver in such cases should be placed as far from the center 
as possible, thus making it firmer and steadier. The face- 
plate driver should be a stiff, substantial one. A bolt strung full 
of nuts and washers will answer after a fashion, but the one 
shown at A of steel, or at B of cast iron, in Fig. 312, will be 
found much more satisfactory. Two or three lengths will usual- 
ly meet all requirements. Lathes are usually provided with two 
face-plates, one of large diameter and one of small. The small 
plate is the one usually used for driving the dog on work held 
between centers. It is generally a round plate with one or four 
notches. The plate shown in Fig. 313 is sometimes used, but 
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for reasons of safety is not as good as the round one. At least 
one notch in each plate should extend well down to the center, 
thus enabling the use of the smaller dogs when operating on 
light work. 

Lathe work not held between centers can be classified under 
the head of center-rest, carriage, face-plate and chuck work, the 
distinction between the two last classes being narrow. Center- 
rest work includes all in which the center-rest carries one end 
of the work and the live spindle the other. Carriage work in- 
\ eludes such classes as are operated upon by a rotating cutter while 
secured to the carriage of the lathe. Chuck and face-plate work 
covers that wide range of operations upon work rigidly secured 
on the live . spindle. 

The lathe chuck, is a device for holding work more firmly and 
adjusting it more accurately than is conveniently possible when 
clamped or bolted to the face-plate. Chucks are classified as in- 
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dependent, universal and combination. In Fig. 314 is shown 
an independent four- jawed lathe chuck. These chucks are made 
with two, three or four jaws fitted accurately in radial ways in a 
substantial plate or body. Each jaw is operated independently 



FIG. 314. 


by a square-thread screw. The jaws may, in order best to con- 
form to the character of the work, be reversed. The two-jawed 
chucks of this class are usually employed on special work; the 
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jaws being so formed as to receive special formed faces for hold- 
ing work of plain or irregular outline. 

The universal chuck, an example of which is shown in Fig*: 
315, is usually a three-jawed chuck, although they may be had 



2i6 


MODERN MACHINE SHOP TOOLS. 


with two or four jaws. In this style of chuck the jaws all move 
together. The mechanism of the three and four-jawed universal 
chucks usually consists of a geared scroll as shown in front and 
hack views, Figs. 316 and 317. In the two-jawed universal the 






FIG. 316. 


FIG, 317. 


jatvs are connected by a right and left screw. The universal 
chuck is used mostly on milling and grinding machine heads, 
screw machines, cutting-off machines and other places where it 
is desired to quickly center round work. AVhen new, hrst-ciass 




FIG. 318. 












FIG, 319. 


universal chucks center work very accurately; but after they be- 
come somewhat worn they should - not be relied upon for exact 
centering. 

The combination chuck involves both the universal and inde- 
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pendent characteristics, as by a slight adjustment it may quickly 
be changed from one to the other. In many places a chuck of 
this character is very well adapted, but for general, every-day 
lathe work the independent four-jawed chuck is more suitable. 
.A. combination chuck is shown front and sectional view.s in Figs. 
318 and 319. 

A combination scroll chuck is shown in section at X, Fig. 
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320, with an end view of the jaw A and carrier C at Y. In this 
chuck the scroll is operated by a spanner wrench engaging the 
holes D D in its back. The carriers C engag‘e the scroll and 
move together. The screws B move the jaws A independently. 

A universal two-jawed chuck for holding firmly bar work is 
shown in Fig. 321. This is known as an auxiliary screw chuck. 
The details of the jaws are shown in Fig. 322. They are oper- 
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ated by the right and left screw, which engages Italf nuts on the 
side of the jaws. The auxiliary screw passes through one of 
the jaws on the opposite side from the main screw and threads 
into the other jaw. After closing the jaws onto the work with 
the double screw, tightening the auxiliary screw, which has a 
fine pitch thread, not only evens up, but increases the pressure 
of the jaws upon the work. 

In Fig. 323 is shown a face-plate jaw. These jaws, which 
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are self-contained, may be attached to a face-plate, and as such 
constitute a first-class independent chuck. They make a very 
satisfactory substitute for the larger sizes of chucks, and are 
frequently applied to very large face-plates. 

For special work, as the finishing* of cocks, valves and fittings, 



a revolving chuck of the character shown in Fig. 324 is used. 
Special jaws hold the work, and a suitable indexing arrangement 
provides for exact division and rotation about an axis at right 
angles to the work spindle. 



CHAPTER XVII. 


LATHE WORK — BETWEEN CENTERS. 

One of the first and simplest jobs the beginner does in tlie 
lathe is tu turn a plain spindle. He can begin, even on this jo!.), 
to exercise his judgment. For example, lie* is given a bar of 
round steel 2 inches in diameter and is to make a plain, straight 
and true spindle i^s inches in diameter by 2 feet long. In cut- 
ting this bar he must make the necessary allowance for scpiaring 
up the ends. If cut in a cutting-olt machine, 1-32 inch will do ; if 
in the power hack saw 1-16 inch shouH answer if the saw is 
running' reasonably true, while j s incdi or even ,^4 would usually 
be required if haggled oft in the blacksmith shop. Flaving cut 
the bar and made the required allowance in length, he next - 
centers it with punch and hammer. 

The proper locating and forming of centers in work to be 
machined between centers is of importance. \Mien considerable 
stock is to be removed from the work, and it is therefore not 
necessary to use great care in locating the center, the careful 
workman can, if the diameter of the work is not great, usually 
spot the center sufficiently near by e3'e. 

When the ends of the work are cut reasonably square, the 
bell center punch can be advantageous]}' used as shown in Fig. 
325. The punch should be held squarely over the work as shown 
at A. If the work is not sawed reasonably square this tool 
should not be used, as it will not show a true center as illustrated 
at B. In Fig. 326 is shown a form of bell centering tool in 
which a conical recess in the base holds the lower end of the 
work true, while the bell which moves over a vertical guide lo- 
cates the upper center. This tool is vert' nicel}^ adapted to the 
centering of a large variety of small work. The caliper-dividers 
(hermaphrodite calipers) are perhaps more used for this work 
than any other tool. The legs are adjusted, as shown in Fig. 
327, to approximately the radius of the work, which has previous- 
ly been chalked on the end to more readily show the marks. 
Three or four arcs are then scribed from about equi-distant points 
on the circumference which intersect, as shown at A and B. The 
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center of the small triangle in A and square in B are the approxi- 
mate centers. 

For work of large diameter the center-head square as shown 
in Fig. 328 is nicely adapted. A line is scribed along the straight 
edge a b; the head is then carried about one-fourth around the 
work and another line c d scribed ; the intersection of these lines 
gives the center. 

By placing the work upon a plane surface the center can read- 
ily be found by means of the surface gauge, as shown in Fig. 329. 






2.22 


MODERN i^rACIiJNE SHOP TOOLS. 


Place the pointer at approximately the height of the center and 
scribe* four lines, the work being rotated about 90 degrees for< 
each line. The center of the small inclosed rectangle will be the^' 
approximate center of the work. A pair of dividers can be used 
in place of the surface gauge if desired. Having located and 
prick-punched the centers, they should next be drilled and 
reamed. If there is a small amount of stock requiring close 
centering, the work should be placed between centers and rotated 
on the light center-punch marks to determine whether they are 
sufficiently accurate. This is determined Iw giving the work fast 
rotation by drawing the hand over it quickly and holding a piece 
of chalk against it to show the high spots. 

If too badly out, the punch mark can be drawn over the re- 
quired amount before drilling the center. The form of center 
bearing should be as shown at B, Fig. 330, A hole of from 1-32 
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to 14 F^^oh in diameter, depending on the diameter of the work, 
is first drilled and then countered with the do-degree counter 
reamer shown at A and B in Fig. 171. The hole must be drilled 
deep enough to prevent the lathe center from reaching the bottom. 
At C in Fig. 171 is shown a most excellent combination drill an<l 
center reamer for this purpose. The drill steadies the reamer 
and insures a true bearing and drilled hole of proper depth. 

The drilled hole not only protects the delicate point of the 
center, but serves as an oil reservoir to aid in lubricating tlie 
center Fearing. It should be filled with oil before putting the 
work on the center. 

In large center bearings on very heavy work it is frequently 
desirable to cut with a small cape chisel one or more narrow 
grooves through the bearing portion to facilitate the oiling of the 
center. 

Where a large amount of centering is done, a machine for 
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that work is frequently employed. It is provided with a self- 
centering chuck for the work, which obviates tlie necessity of 
previously center-marking it. 

He, now squares off the ends with a side cutting tool, and how 
easily he gets them square to the very center by slacking back 
slightly on the tail spindle and allowing the tool to cut into the 
center. He must be particular about getting the bar to exact 
length in this operation, and when finally to length the ends must 
look as shown at B in Fig. 330. To leave an end as shown at 
C is unpardonable, even on the roughest kind of work. When 
left as shown at B a reliable center can be had at any time should 
it ever become necessary to place the spindle between centers 
again. 

He should next rough to within about 1-32 inch of the finished 
diameter for a length of from three to four inches from the tail 
center. In doing this the center bearing at that end becomes 
worn down to a nice, true bearing. The work is now changed 
end for end and the balance first roughed down and then finished. 
It should be here noted that no part of the work should receive 
its final finishing cut until it has all been roughed over. The 
reasons for this are, first, that the centers should be worn down 
to true bearings, and second, because of the springing due to 
removing the fiber strains in the metal. If a part be given the 
final finish before the balance is roughed down, that part will 
usually be found out of true after the last roughing. Not only 
is this the case with the rolled metals, but with the cast as well, 
where the removal of the skin or scale usually causes the work 
to change somewhat in form. 

The required quality and truth of the finished surface must 
determine the number of cuts to take. For the roughest work 
a single cut will frequently do, and for general work two cuts, 
the first a roughing leaving only enough for a finishing cut. The 
latter cut should always be a light one. When a very nice, true 
surface is desired three cuts are advisable; a roughing, a sizing 
and a finishing cut. 

In turning the above l)ar the young mechanic should learn a 
lesson in cutting speeds. Mild steel can l^e machined at from 
20 to 100 feet cutting speed per minute, depending on its hard- 
ness and the quality of the cutting tool. 

The beginner usually runs way below speed, and as he has 
no experience upon which to base his judgment in speeding the 
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work, lie should make a simple calculation in each case until his 
eye tells him the proper speed without figuring- it. 

As the circumference of the work is approximately three times 
tb.e diameter, he would in the present case have the work mov- 
ing to the tool about six inches per revolution. At a cutting 
speed of say feet per minute, the work should make about 
fifty revolutions per minute. Chalking a spot on the facc-]ilate 
and counting the revolutions will determine quickly whether or 
not the speed is correct. 

This matter of speed is of very great importance, not only in 
its cfifects upon the output of the lathe, but upon the workman 
himself, as he quickly becomes tuned with his machine and loses 
that snap and vigor at his work which comes from seeing every- 
thing move along at a quick, business-like pace. 

The young mechanic should familiarize himself at the begin- 
ning with all the details of construction and manipulation of the 
lathe itself. He will necessarily do work slowly at first, but he 
must learn accuracy from the beginning. The speed will come 
as he improves in sFoll and gains in confidence. 

He must learn early the power of the machine, the strength 
and wearing qualities of the cutting tools and the strength of the 
materials upon which he operates. He will then not overtax the 
machine and break or injure the tools and work; neither will he 
take three cuts over a piece of work when two would have an- 
swered quite as well. 

If the surface is to be a polished one, he must make some al- 
lowance for filing and finishing with 'emery. This is a matter of 
judgment, and the beginner’s judgment is usually poor, as he 
leaves altogether too much to remove with the file, which takes 
up time and injures the truth of the work. It is very difficult to 
file much on rotating work and keep it cylindrically true. Tlte 
finishing cut should therefore leave the surface smooth, true and 
within one to five thousandths of an inch of finished size, de- 
pending on the degree of accuracy required. 

'When the spindle is very long and its diameter relatively 
small, it becomes necessary to support it at some intermediate 
point or to provide some form of support immediately back of 
the cutting tool, as otherwise it would, -owing to its own weight 
and the pressure against the cut, spring excessively, causing it 
to chatter and leave an untrue surface. In such a case, the cut 
would have to be very light to prevent tlic work from bending 
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or climbing up on the point of the tool, which is a very exasperat- 
ing accident that frequently happens even when the greatest care 
is exercised, and it usually results in spoiling the work. 

The center or steady rest in its general form is shown at A in 
Fig. 331. Its construction is plainly seen from the figure. The 
foot is claini^ed to the shears of the lathe at any convenient point, 
and the three sliding jaws are so secured that they can be ad- 
justed upon a portion of the work's length that has previously 
been turned true and smooth. If the bar is to be turned over its 
entire length, this spot is usually taken just off the middle point 
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and a little closer to the live center than the dead one. This en- 
ables the operator to turn from the dead center toward and some- 
what past the middle. The work can then be reversed, the jaws 
adjusted to the turned portion and the balance of the spindle 
machined. Truing the spot is usually slow, as light cuts must 
be taken in order to get a round section that is concentric 
with the axis of rotation. It is also difficult to properly set the 
jaws of the center rest upon the spot without throwing the 
work center out of the line between the centers of the lathe. It 
is usually best to adjust the two bottom jaws first and thus 
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relieve the work of the deflection due to its own weight. The 
jaws, if set too tight upon the work, will heat and score it. 
Oil should always be used and the ends of the jaws kept in good 
condition. If the work is to be machined only at points on 
its length, then the center rest should be set as near as possible 
to the point where the work is being done, and thus give the 
greatest amount of rigidity. 

Frequently it becomes necessary to steady a bar for turning 
that is not and cannot be made round at the point where the 
center rest is to be applied. In such cases the device shown in 
Pig, 332, and commonly known as a cat head, may be used. It is 
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simply a collar turned round ort''lts'"outer surface and provided 
with suitalde set screws for centering upon the work. ^ This 
gives a round bearing which, as before, is made to run within the 
jaws of the center rest. The cat head must be so adjusted that 
it runs perfectly true on the outside or otherwise the work will 
not run true when the head is removed after turning. Ihe 
effect of crowding the work, with one of the jaws out of its true 
axis of rotation, is to turn the work tapering. Thus, if the work 
is crowded by the center rest toward the tool,^ it will be turned 
smaller in the center than at the ends and in like manner largei 
at the center if crowded away from the tool. Vertical motion 
does not affect the diameter to so great an extent, since,^ if the 
tool is set at the height of the center, the work can be raised 01 
depressed quite a distance without making much change in the 
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diameter. If, however, the tool sets above or below the center, 
a material taper will be given to the work. For example, if 
the tool sets above the center and the work is depressed at the 
center rest, it will be turned larger in diameter at the rest than 
at the dead center. Very often it is desirable to support the work 
right at the tool for the entire length of the cut. This is ac- 
complished by using the follow rest, an example of which is 
shown at B in Fig. 331. It is quite similar in its most general 
form to the center rest, having two jaws, one behind and the 
other on top of the work. It is secured direct to the carriage and 
consequently moves with the tool. If the work is in the rough, 
the rest follows after the tool, but if it has been previously trued, 
the rest may be set ahead of the tool. It is, however, usually 
j3refei’able to have the rest follow rather than lead the cutting- 
tool. For work of small diameter a single jaw with a V-end 
serves well. 

The producing of satisfactory results in the use of the follow 
rest requires good judgment on the part of the operator. It 
should be set as soon as possible after the cut has left the dead 
center and while the work is rigid and true. Any irregularities 
in the work surface over which the follow rest passes serve to 
reproduce these same irregularities throughout the length of 
the work, and it is, therefore, very important to start exactly 
right. In the cutting of threads on long light rods the follov/ 
rest is indispensable. It is also of value in steadying work that 
is being operated upon by a cutting-off tool. It is superior to 
the center rest for this purpose, inasmuch as it can be set so 
much closer to the point where the cut is being taken. 

An example of center rest work is shown in Fig. 333. Here, 
as is frequently the case, it is required to operate on the end of 
the work which precludes the possibility of running that end on 
the center. The center rest carries the outer end, the tail stock 
is moved back out of the way and the carriage is given ample 
room to get the tool at the work surface. The work must be 
firmly secured to the head spindle. When a center bearing can 
be had in that end of the work, it is best to carry it on the live 
center. This requires some method for clamping it to the face- 
plate to prevent it from drawing off the center. When the work 
has a convenient shoulder near the outer end, the inner faces of 
the jaws of the center rest may be made to bear against the 
shoulder and thus prevent the work from drawing away fi'om 
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the live center. A collar can be clamped on the work to accomp- 
lish this result, but this method is not satisfactory except, per- 
haps, in the case of very light work, as the center rest is not rigid 
against a side pressure and the cramp of the dog or driver is 
quite certain to crowd the work off the center. A clamp, as 
shown in Fig. 334, slipped over the work behind the dog and 
drawn, by means of bolts, firmly against the face-plate will lie 
found quite satisfactory. It is necessary that the clamp be 
drawn up squarely, as otherwise the truth of the work, especially 
if light, will be affected. 

In cases where there Is no center bearing in the live center 
end of the work, and one cannot conveniently be arranged for, 
that end can be carried in a chuck. If the chuck is an inde- 




pendent one, the work must be very carefully centered in it. If 
a universal chuck is used and exact centering of the work is re- 
quired, it is equally necessary to test the truth of the work, as 
universal chucks, after being somewhat worn, lose their accuracy 
for exact centering. The work should be caught close to the 
ends of the jaws, except in cases where the jaws and surface of 
the work gripped are known to be absolutely true; otherwise the 
outer end of the work will be thrown out of the center of rota- 
tion and, if brought back by the center rest, a spring in the length 
of the work must result. It is, in any case, difficult to set the 
center rest so that it will hold the axis of the work exactly coin- 
cident with the line of the centers. If not so held, the work will 
run true, but all cuts will be tapering. If it is much out in this 
adjustment, it will cause the live center end of the piece being 
machined to work on the centers or in the chuck jaws, the usual 



LATHE WORK — BETWEEN CENTERS. 229 

result being- the loss of the grip. The stiffer the work, the more 
noticeable this action. 

The turning of external tapers can be accomplished in several 
different ways. As above indicated, in center rest work, if the 
rest holds the end of the work so that its center is back or ahead 
of the line of centers, tapered work results. In like manner, 
where the work is carried on both centers, if the dead center is 
moved across the bed, the center line of the work will be at an 
angle with the direction of motion of the carriage^and tool, and 
tapered work results. As all engine lathes are provided with a 
set-over adjustment in the tail-stock, this method of turning tapers 
is always available. As the amount of side adjustment is limited 
to a small range, only slight tapers can be produced in this man- 
ner, and especially so in cases where the work is long. Thus, if 
the tail center can be set over one inch and the work is four feet 
long, then, as shown in Fig. 335, it will be turned two inches 
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smaller at the dead center end than at the live center end, which 
would give a taper of one-half inch per foot. If the work wtis 
one foot long, as shown by the dotted lines, it would have a taper 
of two inches per foot. The above indicates the method for 
determining the amount to set the tail center over to produce any 
taper per foot within the limits of the adjustment. Thus, if 
the work is eighteen inches long and a taper of five-eighths of 
an inch per foot is required, at one foot the offset would be one- 
half the required taper or five-sixteenths of an inch, and at one 
and one-half feet it would be iJdX5-id, or 15*32 of an inch. 

This is, of course, only an approximate method for determin- 
ing the proper amount of set-over, as the exact amount must, in 
nearly every case, be found by trial. It will, however, serve bet- 
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ter than a guess for the first trial. The principal objection to 
this method of taper turning is that the centers of the lathe no 
longer point toward each other, and the center bearings in the 
work do not, therefore, bear properly upon them. This fre- 
quently causes excessive wear on the bearings and sometimes 
throws the work out of true. The ends of the work must be 
faced oft perfectly square, or otherwise the work will be sure 
to run somewhat out when held on offset centers. Since in this 
class of turning the work does not stand at right angles to the 

face-plate, it is necessary to al- 
low for some in-and-out motion 
for the arm of the dog or driver 
through the face plate. When 
the lathe is provided with taper 
attachment, as shown in Fig. 336, 
external tapers may be turned 
without offsetting the dead cen- 
ter. This leaves the true bear- 
ings on the centers and does not 
necessitate the difficulty of hav- 
ing to adjust the dead center for 
parallel turning each time after a 
taper job has been done. Taper 
attachments are given a much 
wider range than can be obtained 
by offsetting the center and are 
equally as useful in boring tap- 
ered holes as in turning external tapers. 

In all taper attachments the mechanism is such as to operate 
the tool rest direct from a guide set at any required angle, within 
its limits, with the shears of the lathe and independent of the 
cross-feed screw, yet at the same time retaining the in-and-out 
adjustment of the cross-feed screw. As several parts and con- 
sequent joints are required in such combinations, a considerable 
amount of back lash usually exists. The effect of this back lash 
is to let the tool start on a parallel cut until the back lash is 
taken up, when it starts off on the required taper. This can 
usually be overcome by carrying the tool enough beyond the end 
of the work to allow the slack to take up by the time the tool 
is brought up to the cut. It will be understood that it is not 
necessary to let the feed bring the tool up to the cut, as it can 





LATHE \^^ORK — BETWEEN CENTERS. 23! 

be advanced quickly by hand, the only point being to carry it far 
enough to take up the slack by the time the tool reaches the 
work. On work of small diameter, where the tool strikes the 
side of the center if moved beyond the end of the work, the back 
lash can generally be taken up by pulling out or pushing sharply 
in on the tool post, depending on the direction of taper the at- 
tachment is set to turn. Thus, if it is set to turn an increasing 
taper from the dead center toward the live, the angle of the 
guide will be such that its end nearest the head stock will be the 
closest to the shears and the inside face of the block will be forc- 
ing the tool back from the center of rotation. It would then be 
necessary, in taking up the back lash at the beginning of the cut, 
to push the tool toward the center. The maximum range usual- 
ly given the taper attachment is four inches per foot. 

It is seldom necessary to turn or bore steeper tapers than can 
be bored with the taper attachment. When, however, such arc 
rec[uire<l, a lathe with a compound rest can be used. Examples 
of the compound rest are shown in Figs. 242 and 243. Its con- 
struction is such as to allow the upper slide which carries the tool 
to be set and secured at any angular position with the cross slide, 
thus enabling the turning or boring of any taper. Although the 
range is small, steep ta]:)ers are usually short, and it is conse- 
quently seldom that the tool must be reset in turning any ordi- 
nary taper. 

When a lathe is to be kept continually on taper work, a posi- 
tive taper-turning lathe is superior to one having a taper attach- 
ment. In lathes of this character the head and tail stocks are 
mounted upon an auxiliary bed or platen which is pivoted at the 
center and clamped at each end of the main bed. The axial 
alignment of the head and tail spindles is maintained, thus allow- 
ing the work to bear squarely upon the centers. A suitable 
graduation at one end of the bed enables the operator to set the 
line of centers at any desired angle,, within the range of the ma- 
chine, with the shears and line of travel of the took This ar- 
rangement not only possesses all the good features of the taper- 
turning attachment, but eliminates the troubles arising from back 
lash. 

In all taper turning it is necessary to set the point of the 
cutting tool at the height of the center in order to obtain the 
taper indicated by any setting. If the tool is set above or below 
center, the resulting taper will be less and slightly concave. 
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In turning an external taper to fit a tapered bore the correct 
taper must be obtained before the work is brought clown to exact 
size. In making the preliminary setting* for the first cut too 
great rather than too small a taper should result, as the measure- 
ment will be taken at the small end, and if the taper is too small 
the work, while large enough at the small end, will be under size 
at the large end. In getting the exact taper the work should be 
tried in the bore after each cut. As long as the difiterence in 
taper is considerable the sense of feeling may be depended upon 
to cleterniine which way to vary the taper in order that it may 
correspond with the taper of the bore. When too close to note 
the error by that means, draw three lines with chalk lengthwise 
on the surface and at approximately equal distances apart. Pdace 
the work in the bore and turn it carefully through a C(-)mplete 
revolution. Upon removing it, if the chalk marks have been 



337 * 

rubbed apparently equal their entire length, the taper is correct. 
If, however, the marks have rubbed at one end and not at the 
other, a further adjustment must be made and another cut takem 
P^'or very accurate -work a marking of Prussian blue is used in- 
stead of chalk. It is applied with the finger and rubbed down 
until the coating is very thin. In testing, the work should be 
turned in the opposite direction to that in which it rotated m 
machining, as the. feed of the tool leaves a thread-like surface 
which tends to worm the work tight into the tapered bore. 

After the correct taper has been obtained, the work can be 
turned down to exact size, calipering at the small end. 

What is commonly known as ofifset turning between centers 
is illustrated by the example shown in Fig. 337. In this case it 
is required to turn the pin of the crank shaft, the shaft proper 
having been turned or preferably roughed down nearly to size. 


/ 
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The offsets are at a distance from the center of the shaft equal 
to one-half of the required throw of the crank. By means of a 
surface gauge and plane table upon which the crank rests, the 
centers of the shaft, the ollset centers and the center of the crank 
pin are brought into the same plane. By now placing the shaft 
on the offset centers, the center of the crank pin falls in the 
center of rotation, and by means of a long* tool that will rcavdi 
the pin through the throat of the crank, it is readily turned. 

A sufficient counterweight should be placed on the face-plate 
opposite the shaft to balance it and thus make the lathe rotation 
smooth. As it is not possible to use a center rest on work of 
this kind, and as danger of springing the shaft is great, consider- 
able care must be exercised in. turning the pin. In turning the 
shaft, a center rest can be used. It is usual to place a block 
firmly in the throat opposite the ends of the shaft to prevent 
springing the arms together. The finishing cut should be a 
light one taken with the l:)lock removed and the centers very 
lightly adjusted, thus insuring a true running shaft when com- 
pleted. Eccentric turning comes under exactly the same head. 
The center of the eccentric, however, usually comes inside the 
bore and the offset centers can therefore be placed in the mandi*cl 
itself. 

When a number of crank pins are to be turned, a face-plate 
fixture and floating tail center offset, as shown in Fig. 338, proves 
a very efficient tool. The shafts arc all turned to the same diam- 
eter, which should be enough over size to allow for a finishing cut 
after the pins are finished. As the shaft is firmly held in the 
long jaw, a much heavier cut can be taken over the pin than when 
held as shown in Fig. 337. The tail offset carries an eccentric 
or lioating center which can be adjusted to the* tail center and 
clamped in position. 

In screw cutting between centers the proper change gears are 
adjusted on the lathe to give the required pitch, as described in 
Chapter XIII. The cutting tool is firmly clamped in the tool 
post with its center line at right angles to the axis of the work. 
The center gauge, shown in Fig. 97, may be advantageously used 
for setting the tool. The height of the tool should be such that 
its top face lies in a radial line drawn from the center of the work. 
If set above or below this position the angle of the thread cut 
will not correspond with the angle of the tool, lior will the sides 
of the threads be straight. The nut is next closed onto the 
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lead screw and the tool set in for the first cut. If the thread to 
be cut is right-handed, the lead screw is given right-hand rota- 
tion with the lathe spindle running forward, thus leading the 
carriage and tool from the tail spindle toward the head. When 
the thread is to be left-handed, the direction of rotation of the 
lead screw is reversed, the tool is set at the face-plate end of the 
ivork and the lead is from the live toward the dead center. For 
each succeeding cut the tool is advanced slightly until the full 
depth of the thread has been formed. The first cuts should 1)e as 
heavy as the nature of the work will permit. The last cuts 
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•should be light, in order that the thread may he finished smooth 
.and true. If the threads are being cut on steel or wrought-iron, 
.a liberal supply of thread-cutting oil should be kept constantly 
at the cutting edges. 

The amount of tool advance for each cut is usually gauged by 
means of a graduated dial on the lathe cross-feed screw, or a 
threaded stop screw which can be turned back slightly for each 
cut, thus allowing the tool to be set in a corresponding amount. 

When thoroughly practised in thread-cutting work the oper- 
ator usually gauges the amount of each cut instinctively by the 
position of the cross-feed screw crank. 
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After each cut over the work, it is necessary to draw the tool 
out from the cut before reversing the work for returning the 
tool to the point of starting. This is due to the back lash in the 
long train connecting the tool and spindle. The tool should be 
carried slightly beyond the point of starting in order that tlie 
back lash will be taken up by the time it enters the cut. If it 
become necessary for any reason to remove the tool from the 
tool post before the thread is completed, great care must be ex- 
ercised in resetting it. The lathe should be run forward one or 
two revolutions, which takes up the back lash and . starts the 
carriage forward, after which the tool can be set to the groove 
already cut. After the thread is started, the driver should not be 
removed, and if the work is removed for testing, it is necessary 
to put it back on centers with the dog or driver engaging the 
same notch in the face-plate. For this reason it is preferable to 
use for threading a small single-notch face-plate. If the work 
is long and springy, the follow rest B, Fig. 331, should be used to 
support it. 

In cutting doulde threads it becomes necessary after the first 
thread has 1)een completed to advance the cutting tool an amount 
equal to one half the pitch, as shown in Fig. 339. This may 



readily be accomplished as follows: In lathes where the ratio 
between stud and spindle is one, mark a tooth on the stud gear 
and the corresponding tooth-space on the intermediate gear. 
Drop the intermediate gear out of mesh and turn the spindle until 
one-half of the number of the teeth in the stud gear have passefl 
the marked space on the intermediate gear. Throw the gears 
into mesh and proceed with the cutting. It is, of course, neces- 
sary that the stud gear have an even number of teeth in the alcove 
case. If the ratio between stud and spindle is other than one, 
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the stud gear must be rotated an amount proportional to that 
ratio. The better and more convenient method, ho\yever, is to 
have milled notches in the face-plate accurately indexed. Re- 
move the work aid place the tail of the dog or driver in the 
notch diametrical!} opposite the one in Avhich it was while the 
first thread v'as being cut. For triple and quadruple threads the 
above methods are equally applicable. 

As the common thread-cutting tool cannot be given any top 
rake it is not free cutting. The strain upon it is consequently 
great, and it at once becomes a hard tool to keep sharp and in 
proper condition. When the lathe has a compound rest the tool 
shown in Fig. 340 may be used for cutting V threads. The com- 
pound rest is set at 60 degrees with the axis of the work as shown 
in Fig. 341, and the tool set with the thread gauge in the usual 



manner. The tool is given top rake and cuts a clean chip from 
the end a, it being advanced to the work by the compound slide. 

For cutting square threads, the tool used resembles a cutting- 
off tool with the plane of the blade set at the angle of the pitch 
of the thread, as shown in the end view, F.ig. 342. The amount 
of this angle varies for all pitches and diameters, but the side 
clearance is usually sufficient to allow some variation in diameters 
without changing the center angle. 

For all classes of work on center it is very important that the 
centers be kept true and smooth. They are turned in the head- 
spindle to the correct angle, tempered and ground. The tail or 
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dead center is ground first and the live center is then ground in 
place, and preferably not removed from its ])earing after grind- 
ing. The live center should be marked close up to the nose of 
the spindle with a corresponding mark on the spindle, thus mak- 
ing it possible to always put it back in the same position. 

Before putting centers into their bearings, both surfaces 
should be carefully wiped clean and dry. 

In Fig. 343 is shown a form of lathe center that can be very 
easily kept in shape without excessive grinding. 

In most threading work on the lathe the nut is not opened 
from the lead screw after the thread is once started ; the lathe 
after each cut being reversed and the tool run back to the be- 
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ginning of tlie thread. When the thread is a long one much time 
is lost by following this method, and the nut should be disengaged 
and the tool moved quickly .back to the beginning of the thread. 
In all cases where the number of threads per inch being cut is a 
multiple of the number of threads per inch on the lead screw, 
they may be cut simply by engaging the nut at any position on 
the screw; thus, if the lead screw has six threads per inch, 6, 
12, r8, 24, 30, etc., threads per inch may be cut by catching, the 
thread at any point, it being impossible to catch the tool in any 
position other than the right one. The reason for. this is evident 
from the following consideration. Assume the carriage and tool 
in the correct position and the nut engaged, the lead screw having 
say six threads per inch ; if now we open the nut and move the 
caiTiage in either direction, the nut cannot catch until the car- 
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riage has moved a distance equal to the pitch of the lead screw 
or a sixth of an inch. For six threads this of course catches 
the next thread ; for twelve threads it misses one and catches 
the second ; for eighteen it misses two and catches the third, etc. 
For threads of which the number on the lead screw is a mul- 
tiple, as I, 2 and 3 with a six-pitch lead screw, the nut can readil}^ 
be caught by inspection. Thus, if cutting one thread per inch the 
nut will catch exactly right on every sixth thread ; in cutting two 
threads it catches on every third thread, and in cutting three on 
every second thread. Inspection must determine whether it has 
caught the right thread before setting the tool into the cut. 
Other threads, as 8 or 10, may be caught by inspection ; thus on 
the six-thread lead screw, moving the nut three threads moves 



the point of the tool inch, which just catches the fourth thread 
on the eight-thread work, or the fifth thread on the ten-thread 
work. For any pitch other' than those for which the above is ap- 
plicable set the tool for the cut slightly beyond the end of the 
work and mark the position of the carriage in any convenient 
way. A stop clamped to the bed against which the carriage may 
be brought is very convenient. Next mark the face-plate and 
note the position of this, mark with reference to some fixed point 
on the lathe. After each cut open the nut, move the carriage to 
the stop and bring the face-plate to the mark, when the nut can 
be engaged with the lead screw, all parts being in the same posi- 
tion as when the thread was started. 

It is frequently desirable to run a rough or cored hole on the 
dead center. This would quickly cut the center and ruin it for 
accurate work until reground. The hole in work of that char- 
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acter is usually too large to run on the regular center, if such 
were desirable, and either a large center must be provided to carry 
it or the hole plugged and a center bearing put in the plug. If 
the hole is concentric with the surface to be machined the large 
center is the cheapest and most convenient method. It is, of 
course, not adapted to the most accurate work, but for ordinary 
operations serves its purpose well. As it is necessary for the 
center to revolve with the work, to prevent its being" cut, a special 
device is required. In Fig. 344 is shown such a center, common- 
ly known as a pipe center. The construction is evident ; the cone 
revolves on a stud and backs against a collar having a simple bear- 
ing surface to take the thrust. It is also provided with suitable 
channels for its proper lubrication. 

In Fig. 345' is shown an attachment secured to the carriage 
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of an engine lathe for turning shafting. With this device the 
shaft is roughed down by two tools set opposite to each other, 
which serves to balance the pressure of the cut and reduce the 
spring to a minimum. After the roughing cuts, it trasses through 
a suitable bushing held in the head and receives the final sizing* 
and finishing cut from the tool shown at the back of the attach- 
ment. The device is simply a follow rest carrying three tools 
instead of one. ^ 

In Fig. 346 is shown a device used on the lathe for the turn- 
ing of cross-head pins or other surfaces the nature of which pre- 
vents the possibility of complete rotation of the work. In this 
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device a sleeve carrying two g'ears is secured on the nose of the 
lathe spindle. The gear next to the spindle bearing is keyed 
to the sleeve and rotates with the spindle. The second gear 
which carries the work driver rotates freely upon the sleeve. 
The first gear meshes with a larger one that is carried on a 
bracket secured to the back of the head stock. wrist pin in 
the face of the large gear drives the rack which, as shown, gears 
with and drives the loose gear and thus causes the work to rotate 
independent of the spindle rotation. By properly proportioning 
the diameter of the gears and the stroke of the rack, the work 
can be made to oscillate back and forward through any desired 
part of the revolution, while the spindle has continuous forward 



rotation. Thus in the turning- of the cross-head pin shown, the 
cross-head moves through rather more than one-half of the full 
revolution, thus enabling the turning of a little more than one- 
half of the pin. The cross-head is then changed end for end 
on the centers and the other half turned. Frequently, with cross- 
heads to be used in single acting engines, where the pressure and 
wear are always on one side of the pin, a large flat^ can be ma- 
chined on the non-bearing side of the pin and sufficient rotation 
obtained to completely finish the pin without changing end.s 
with the work. It is, of course, possible to turn a pm of this 
character wdthout any special attachment, by either pulling tlie 
belt backward and forward and driving the work in the ordinary 
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manner or by allowing it to rotate free of the centers and oscil- 
lating it by means of a wrench or lever. These latter methods 
are slow and require an extra workman. 

An ingenious lathe attachment for backing off the teeth of 
milling cutters is shown in Fig. 347. In a device of this character 
either the tool or the work must be given a slight in-and-out mo- 
tion for each tooth on the cutter being relieved. In the case 
sliown, the tool is held in the tool post and advanced to its cut in 
the ordinary manner. The mandrel A of the attachment has its 
centers slightly eccentric, the amount of the eccentricity being 



enough to produce the desired amount of relief on one tooth 
of the cutter if mounted directly on the mandrel. The arm L 
is secured to the mandrel and driven from the face-plate by the 
carrier D. The sleeve B, which carries the cutter being operated 
iqjon, revolves freely upon the mandrel. The gear b is secured 
to the sleeve and the gear a- is loose on the sleeve, and is held 
from rotating by the arm d which is secured to it and rests upon 
the top of the tool ; c is a pinion carried loose on the stud D and 
gears with a and b. Gear b has a smaller numbei of teeth than 
a, and as a does not rotate, the rotation of the pinion c around a 
advances b and the sleeve and cutter a certain fixed, amount at 
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each revolution of the mandrel. The geared ratio is such for 
any given number of teeth in the cutter that the advance per 
revolution is exactly equal to the circular pitch of the teeth in 
the cutter. The turning is such as to bring a tooth to the tool 
when the center of the mandrel is farthest from the toob thus 
giving the relief as the tooth advances to the tool. It is evident 
from the above that the space between the teeth must be at least 
equal to the length of the tooth. x\s this division of space and 
tooth in relieved milling cutters is not usual, it is necessary to 
allow the cutter blank to stand still wdiile the mandrel is moving 
through a part of its revolution. This is accomplished by making 
the circular pitch of the teeth on about one-half the circumference 
of b equal to that of the teeth on a and the teeth on the balance 
of b of somewhat greater circular pitch. For that portion where 
the teeth are the same on a and b, the pinion simply turns around 
both and the sleeve remains stationary. During the balance of 
the revolution, however, the sleeve will advance an amoimt equal 
to the circular pitch of the cutter’s tooth. 

With the regular tools and feeds on the engine lathe, plane, 
cylindrical and conical surfaces are readily machined. If the sur- 
face is spherical or of irregular outline, a forming tool or some 
special attachment must ]:ie used on the lathe to produce the rc'- 
quired outline. If the work is of circular section, the forming 
tool can usually be used to excellent advantage, as illustrated in 
Fig. 348. In this case the tail-stock cap shown in the figure is 
first chucked, bored at A, "faced at B and threaded at D. It is 
then placed on a threaded mandrel and driven on the centers. 
The forming tool E, which is secured in the ordinary tool-post, 
forms the bead and is set in until the proper diameter at F is ol> 
tained. The tool G, held in like manner, forms the hub and 
rounded end of the cap, the tool being set in until the diameter 
at H is equal to that at F. A common tool is then used to pro- 
duce the cylindrical surface I. If the length I is short it would 
be possible to combine the two forming tools into one; As the 
cutting edge is a long one it is, in any event, desirable to rough 
off the scale and true up the casting before applying the forming 
tools. This can be done by operating the regular feeds by hand. 
If the work does not run true when the forming tool is set to the 
cut, it will be difficult to produce ■ satisfactory I'esults, as the 
spring of tool and work will vary at different points in the revo- 
lution. The length of cutting edge that can be employed de- 
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pends in any case upon the stiffness of the work and the rigidity 
uf the lathe in which the work is to be done. Another illustra- 
tion o\' this system of forming is shown in Fig*. 349. Flere the 
rim of a hand wheel rounded by the forming tool is shown. If 
the section of the rim is a full circle, as at. A, two settings of 
the tool are required, one of which is illustrated in the figure, it 
is here even more important than in the example shown in Fig. 
348 to first rough the stock until it runs true, as the heavy cut of 
the forming tool will otherwise spring the work so that it will 
not run true when finished. For roughing out the rim a side- 
cutting tool can be used to good advantage, setting it at different 
angles to produce a section similar to that shown in the figure at 
B. If the tools are carefully made and kept in good condition* 
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very satisfactory results can be obtained upon a wide range of 
work, similar to the above examples. 

The tools should be so made that they can be sharpened by 
grinding from the top surface. If the tool is carefully made 
and the scale removed from the stock, it will do a larger amount 
of work before dulling materially. Forming tools of this char- 
acter are not expensive to make, and, when any considerable 
amount of similar work is to be produced, will pay for themselves 
very quickly. 

The tool shown in Fig. 349 may be used for turning balls from 
stock held between centers or in a chuck, as shown in Fig. 350. 
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If the Stock is held in the chuck, the ball will not be disfigured 
with the center bearing. A small tip will, however, remain where 
cut from the body of the stock. In forming balls in this manner 
it is necessary to caliper the diameter carefully, advancing the 
tool only far enough to produce a true sphere. This method 
will be found very convenient in the forming of balls on the ends 
of handles, the ball in such cases not being cut from the body of 
the stock, and perfect spheres not being necessary. In Fig. 351 
is shown a simple ball-turning device. The shank of the cutter 
holder is round and fits in a suitable bearing which is clamped 
to the tool block. On the outer end of the shank is secured a 
long lever or preferably a worm and gear mechanism for rotating 




the cutter head and tool to the work. Although a truer sphere 
can be obtained with this device than by the use of the forming 
cutter shown in Fig. 350, the surface will not be as smooth as 
with the latter. The more elaborate device, shown in Fig. 352 is 
better adapted to the turning of larger balls than either of the 
methods above referred to. While this attachment can be pro- 
vided with a shank and held in the tool-post, it is much more 
rigid when secured directly to the tool-block or in the place of 
the compound rest. The construction of the device is clearly 
shown in the figure. In order to produce a true sphere the cen- 
ter of rotation of the cutter-carrying disk must be exactly under 
the center of rotation of the work, and the distance of the point 
of the tool from the center of rotation then determines the radius 
of the ball. By setting the tool with its point past the center of 
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the disk and bringing the center of the disk back from the center 
of rotation of the work a concave section can he produced in the 
work, the character of the section depending upon the relative 
position of centers and tool point. With work held in the chuck 
and the center of the disk under the center of rotation of the 
work, it is possible to produce on the end of the work either a 
convex or concave surface depending on whether the point of 
the tool is back or ahead of the center of rotation of the disk. 

iV convex or concave surface can readily be turned with a tool 
held in the common compound rest, the only difficulty being in 
the control of the feed. When the cuts are light, however, satis- 


W 



factory results can be obtained by moving the rest by hand, hav- 
ing its clamp bolts tightened just enough to steady the motion. 

In cases where the outline is irregular and too long to be 
conveniently produced with the forming tool, a common tool 
may be made to do the work, its motion being controlled by a 
guide having the same outline as the one desired and controlling 
the tool on the taper-attachment principle. The general arrange- 
ment is shown in the top view of a lathe carriage, Fig. 353. In 
this case the slide is disconnected from the cross-screw. B B h 
the guide which is secured to the bed of the lathe and independ- 
ent from the carriage. The finger A is secured to the slide and 
bears against the guide B B. A cord C is attached to the slide. 
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passes over the pulley D and carries the weight W which serves 
to hold the fing-er A to the guide at all times. The point of 
the cutting tool must travel with the finger A, and, tracing* the 
outline of B B, produce the same outline on the work. In this 
arrangement the tool is usually set to the work by adjusting it 
through the tool-post. A threaded adjustment in the finger A 
makes a good adjustment for the finer tool settings. This method 
is applicable only when the cross-section of the work is round. 
If. an irregular cross-section is required, a diflferent arrangement 
involving the use of a pattern or dummy is generally employed. 
The dummy is a pattern of the same cross-section as that re- 
quired on the work, and is mounted either on the same axis as 
that of the work rotation, or on a separate axis so geared as to 
make the same number of revolutions as the work, When the 



work is short and both it and the pattern can be mounted on the 
same axis, the former '"method is, owing to its simplicity, prefer- 
able. In Fig. 354 is illustrated the former method. As in Fig. 
353, the cross-feed screw is disconnected from the cross-slide and 
a weight provided for holding the finger against the pattern B, 
which rotates with the work. A second tool-post, back of the 
one carrying the finger, holds the tool that operates on the work, 
It is evident that the motion of tool point and finger is the same 
and that the outline of the work will be the same as that of the 
pattern. If the two tool-posts cannot be set sufficiently far apart 
to allow for the required length of cut, the finger can be carried 
on a suitable bracket secured to the side of the tool-block. It is 
quite possible by careful adjustment to start the cut with the use 
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of the pattern, and allow the linger to lead from the pattern on to 
the work, thus enabling a long cut to be made with a short pat- 
tern. A careful readjustment of the finger is required for each 
cut in this case. It is not necessary that the pattern be of the 
same size as the work section, as it is frequently desirable to 
make it of a different size. 

It is quite possible to adapt the method of Fig. 354 to internal 
work. In Fig. 355 the work is secured on the tool-block and the 
pattern on the boring bar. In this case the work moves with tlie 
pattern instead of the tool. The example shown illustrates the 



method of boring an elliptical hole. By using a movable head 
boring bar a thin pattern is all that is required. As a wide range 
of patterns can be used many forms of cams can l^e produced by 
the above method. 

The same method shown in Fig. 353 is applicable to face 
work on stock held against the face-plate or in the chuck. In 
this case the weight is placed at the end of the l^ed, the guide is 
secured to the cross-slide and the finger to the tail-stock, all as 
shown in Fig. 356. Many outlines can readily he i:)rofluced in 
this manner. The tool is operated by the regular cross-feed 
mechanism. 




CHAPTER XVIIL 

LATHE WORK ON FACE-PLATE, CHUCK AND CARRIAGE. 

A large portion of the work done in the lathe may be classed 
as boring work as it comes under the following classifications : 
center rest, carriage, face plate and chuck work. An example 
of a boring operation under the first class was shown in Fig. 
333. As work of this kind is usually performed on solid stock, 
a hole must first be drilled sufficiently large to allow the boring 
tool to enter. The drilling of this hole can be done to good 
advantage in the lathe by using a twist drill held on the tail 
center. The taper shank drill with holder, shown in Fig. 357, is 
best suited to this work as it clears itself readily of the cuttings 
and the holder prevents injury to the shank. In no case should 
the taper shank drill be held by a dog secured on the shank, as 
it is quite certain to slip and injure the tool. If a' dog is to be 
used at all for this purpose, it should be in connection with a 
straight shank drill provided with a fiat spot on the shank for the 
set-screw of the dog to seat upon. When considerable drilling 
of this kind is to be done in a lathe, it is advisable to have a set 
of drill sockets fitted to the bearing in the tail spindle. This 
not only makes a more satisfactory method for holding the drill, 
but overcomes the danger of the drill drawing ofif the tail center 
and being bent or broken by the cramp it would receive due to 
the single-handled holder. 

Wlien holes of a considerable depth are to be drilled in this 
manner in steel, it is difficult to properly lubricate the cutting 
edges of the drill, and often the work and tool begin to heat and 
the cuttings to fill up the flutes. The drill must, therefore, be fre- 
quently removed for oil and cleaning. These difficulties are al- 
most wholly overcome by using the oil tube drill in places of 
this kind, as it provides for a constant and liberal supply of oil 
at the point, which not only improves the cutting and clear- 
ing of the chips, but carries away the heat of friction and thus 
enables the crowding of the drill to its full cutting capacity. As 
in this class of drilling the drill does not rotate, a common socket 
can be used in connection with the oil tube drill, it being simply 
necessary to tap for a small gas pipe connection in the side 
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of the socket over the supply hole in the shank of the drill. In 
an operation of this kind the important point is to get the drill 
started true. If the work has been centered for other operations 
previous to the drilling, this center forms a seat for steadying 
ihe point of the drill in starting. Even though this center runs 
perfectly true, it cannot be relied upon for starting the drill true. 
It is, therefore, necessary to steady the end of the drill in a dif- 
ferent manner. In Fig. 358 is shown a common method. The 
steadying tool, which is held in the tool post, is made to bear 
against the front side of the drill, as close to the point as pos- 
sible. The drill should be held so that one lip is on the back 
side of the work surface or opposite the steadying tool. As 
the cut is started, the drill is crowded slightly back of the center, 
making the one lip do all the cutting. This makes it virtually a 
rigid boring tool that cannot sway and produces a surface con- 
centric with the axis of rotation. Just before the drill begins to 
cut a full diameter hole, the steady tool should be backed away 
and the point of the drill left free to follow the center of rotation. 
If this work is carefully performed, it is possible to start a drill 
almost exactly true. When the surface into which the drill is to 
enter is plane, the centering tool with flat drill point shown in 
Fig. 359, and held in the tool post, is used. It forms a good seat 
for the drill to start in. 

For uniformly true and central holes the drill cannot be relied 
upon, and its use in the lathe is confined almost entirely to the 
opening up of the work previous to using a boring tool. For 
example, if a i-inch hole is required in a piece of work held on a 
face plate or in a chuck, a i-inch drill could not be depended upon 
for anything like a satisfactory result and a 63-64-inch drill fol- 
lowed by a I-inch reamer would be almost as bad. The only 
correct way in such a case would be to first use, say, a 15-16-incli 
drill which would remove most of the stock and allow a boring 
tool to enter. It can then be bored with the boring tool to the ^ 
proper diameter or, if it is to be finished with a reamer, it should 
be bored to within about i-ioo of an inch of the exact size, which 
trues the hole perfectly previous to the reaming. The reamer 
should be held on the tail center, which latter must be exactly 
central. If the tail center is offset, a tapered hole will necessarily 
result. 

The size of drill to use for opening up previous to boring de- 
pends upon the nature of the work. If the finished hole is to 
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be small in diameter and deep, a drill as large as possible shoulci 
be used^ since the boring tool will be a long and springy one 
necessitating light cuts which will remove the metal more slowly 
than would the drill. If, on the other hand, the hole is to be 
of large diameter and not deep, a drill should be used that is only 
large enough to enable a short, stiff boring tool to readily enter, 
as the boring tool will remove the stock faster than the drill 
would. In using the boring tool, it is generally well to feed 
both ways through the work as this tends to equalize the effect 
of the wear on the cutting edge. In cases where accurate bores 
are required, it is quite necessary not to change the depth of 
cut after the cut has started, as the eff'ect of the spring of the 
tool will be quite marked. A boring tool tends to make the 
mouth somewhat larger than the balance of the hole it is boring, 



FIGS. 357 TO 360. 

because the tool does not take its full spring until the cutting 
edge passes the end of the bore. 

In the boring of parallel holes, the height of the cutting edge 
does not affect the parallelism of the bore. With tapered boreSj 
however, it is necessary that the tool set at the height of the 
center, as a dift'ereiit taper than the one required will result if 
the cutting edge is above or below the center. The amount 
of taper in either case would be someAvhat smaller than when 
the cutting edge is at the center. When the bores are long and 
of large diameter, the boring tool is no longer well suited to the 
work and what is known as a boring bar is used. These bars are 
of two kinds, those having a cutting tool fixed in its position on 
the bar, and those in which a cutting tool is secured in a mov- 
able head which traverses over the bar. The former are the least 




LATHE WORK ON FACE-PLATE, ETC. 


251 


desirable, inasmuch as they must be somewhat more than twice 
the lenoih of the bore,, while, with the latter, a length but slightly 
greater than, the bore is all that is required. 

In Fig. 360 is shown a plain boring bar of the former type. 
The cutting tool may be of flat steel secured in a mortise through 
the bar hy suitable wedges, or it may be, as shown in the figure, 
of round steel, fitting nicely the hole through the bar and secured 
in position by a set-screw which seats on a fiat spot filed on 



the tool. The set-screw should have a smooth, flat point so that, 
when moderately tightened, the tool can be driven under it in 
adjusting the cut. This class of boring bar is suitable only on 
work secured to the carriage, as the work must be given the feed 
over the cutting tool. In Fig. 361 is shown a traverse head 
boring bar. A tool-carrying head fits nicely upon this bar. It is 
splined to receive the key which is secured in the head. The 
feed or traverse of the head is accomplished by means of a screw 
usually driven by. a star feed from one end. By substituting for 
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the star a spur gear on the screw and gearing this with a pinion, 
keyed on the lathe center, a smooth, steady screw feed results. 

AVhen the bar is of large diameter as compared with the head, 
the screw can be dropped into a suitable spline, thus getting* it out 
of the way and protecting it from injury. Boring bars of mod- 
erate size are preferably made of a medium grade of tool steel, 
as this is much stiff er than mild steel. For large bars, mild steel 
or cast iron is suitable. When cast iron is used, the ends should 
be plugged with steel to receive the centers, as the cast iron wears 
too rapidly to retain an accurate center bearing. Movable head 
boring bars, in which the head is traversed by means of the regu- 
lar carriage feed, can be used to good advantage in cases where 
the bar remains stationary and the work rotates. In Fig. 362 is 
shown a movable head bar of this class operating upon a cylinder 
secured to the face plate. The bar carries a long sleeve, one 
end of which terminates in the cutter. A dog or wrench secured 
to the outer end of the sleeve prevents it from turning and the 
tool post bearing against the arm of the dog transmits' the regu- 
lar carriage feed to the tool. By off-setting the tail center as 
shown by the dotted line, a tapered hole results which will be 
larger at the inner end of the bore, with the tool set as in the 
figure, but if the cutting tool is set at 180 degrees from the posi- 
tion shown, the bore will be larger at the outer end, as indicated 
by the dotted lines. 

Unless the character of the work is such as to enable its outer 
end to be run in the center rest when the bore is long, rotating 
the work is not satisfactory, as its outer end is too far from the 
lathe spindle to be sufficiently rigid. When the work is clamped 
to the carriage, it is always preferable to feed the cutting tool 
rather than the work as the carriage can then be clamped rigidly 
tc the bed. This insures a more accurate bore as the carriage, 
unless very closely gibbed, will lift on the up cut of the tool. 

In Fig. 363 is shown a movable head bar operating upon a 
cylinder, clamped to the lathe carriage. In this case, oVsetting 
the tail center as the bar rotates will not enable the boring of a 
tapered hole. The tapered hole, however, can be obtained by off- 
setting one end of the boring bar as shown .dotted in the. figure. 
If desired, the offset can be put on the bar itself, in which case it 
can, as shown in Fig. 364, be offset at the tail center end. By 
making the center bearing adjustable, as shown in the figure, any 
desired taper within the limits of its adjustment mav be obtained. 
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In boring- work, it is very important to see that the work is prop- 
erly secured on the carriage, face plate or in the chuck. It 
must be held sufficiently rigid to prevent its working loose and, 
at the same time, must not be sprung out of shape as, in such 
cases, when finished and removed from the lathe, it will be found 
out of true. In straight c^dinder boring, more than one cutting 



tool is usually employed as a single cutter springs the bar, thus 
requiring very light finishing cuts to produce satisfactory results. 
Three cutters steady the bar nicely, especially if care is exer- 
cised in setting the cuts about equal. A tool for finishing should 
not follow a roughing cutter, inasmuch as all the springing of the 
roughing cutter, due to its unequal work at different points of 
the bore, will be transmitted directly to the finishing cutter and 
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thus produce an untrue cylinder. To insure true work, the fin- 
ishing cuts should always be light ones. 

The chucking of most work requires thought and judgment. 
Fixed rules cannot be laid down, as each case must he considered 
from its own peculiarities. The surface to be machined, the 
character of the finish, the possible chances for gripping it in the 
chuck jaws, and the likelihood of the work’s springing are all 
questions that arise with each case. 

Frequently the form of - the -wor-k is-such that it cannot Ijc 
held in the chuck. In such cases it is usually possible to clamp 
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the work to the face-plate or to an angle-plate secured on the 
face-plate. Setting up work in this manner requires care and \ 
time. If there are many similar pieces to be operated upon, it 
usually pays to get up a special chuck for holding them. Take 
for example the cylinder head shown in Fig. 365. This head must 
be bored on the inside and faced on the bottom. The post on 
the top of the head is so high that the regular chuck jaws will not 
reach the body of the casting. If but a single head was to be 
finished, it would be secured to a knee-plate on the face-plate, as 
shown in Fig. 366. As large numbers are to be machined, how- 
ever, the special chuck shown in Fig. 365 is employed. In a case 
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of thi.s kind a set of special jaws could be itsed hi the standard 
chuck. They would not be as convenient, however, as the special 
chuck. 

It is usually best to chuck work from the outside rather than 
from the inside, as the danger of breaking is less. M'hen the 
work is light, and it must for the roughing cuts be chucked 
firmly, it is certain to be somewhat distorted. In such cases the 
chuck jaws should be eased off slightly before taking the finishing 
cut. Small pulleys, gear blanks, etc., should when possible be 



chucked on the hub. When so held and properly boied and 
turned, the finished work will run true. If the rim of the blank 
or pulley is heavy, as is the case with balance wheels, it should be 
chuckecl out upon the inside of the rim, setting the chuck jaws 
as close to the ends of the arms as possible. This allows the 
tool to be brought to operate upon the entire rim surface as well 
as upon the bore. Upon pulleys having light rims, and too large 
in diameter to chuck by the hub, carriers, as shown in Fig. 367, 
secured to the face-plate and clamped on the pulley arms near 
the rim, form excellent drivers. 
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AVhen the work has a reamed bore upon which it can be 
finished, a split chuck can be used to excellent advantage. Such 
a chuck for smaller diameters is shown in Fig. 368. The taper 
shank fits the center bearing in the head spindle. The nose is 
drilled, tapped and split, as shown. A tapering screw fits the 
threaded bore, and when screwed in, expands the chuck enough 



to grip in a close-fitting bore. These chucks should be tempered 
and ground perfectly true. Their advantage over a hardened 
mandrel on this class of work lies largely in the convenience in 
putting on and removing the work and in the ease with which 
the cutting tool may be brought to the edge of the bore without 
fear of running into the mandrel. 

Nearly all turret machine operations are upon chucked work. 



In the case of work upon bar stock some form of universal chuck 
is always used. The stock is of comparatively small diameter 
and the tools that operate upon it are brought successively into 
action, either by hand or automatically. A pointing box tool bevels 
the end ; a roughing box tool passes over, taking the bulk of the 
stock ; the finishing box tool reduces to exact diameter ; the d'^x 
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threads it, and the cut of slide with an inverted tool in the back 
holder chamfers the head, 'after which the tool in the front head 
cuts it off. For this class of work on steel a copious supply of 
thread-cutting oil must be constantly applied to the tool. 

For bar work a comparatively small assortment of tools may 
be made to do a very wide range of work, but with turret ma- 
chines operating upon cast work, this is not usually the case, as 
each particular job usually requires its own special tools. Boring 
in the turret lathe is usually performed with a bar having a pilot 
point and, carrying suitable cutters, as shown in Fig. 369. 

A suitable bushing in the nose of the spindle steadies the pilot 
end of the bar. A roughing cutter is used to remove the heavy 
stock, and this is followed by a sizing cutter in a second bar, or if 
the distance from the inner end of the bore to the nose of the 
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spindle is sufficient, a sizing cutter may be used in the first bar. 
It should be so located that it does not start its cut until after 
the roughing cutter clears the work, as otherwise the spring of 
the roughing cut will affect the truth of the finishing cut. It is 
usual to finish the hole to exact size with a reamer, carried also 
in the turret. 

The above is a job for a plain turret lathe. If face surfaces 
are to be machined, and the number of pieces required will war- 
*fant making the tools, a facing cutter may be used as shown in 
Fig. 370. The hole having been reamed to size in the work, the 
pilot bar P steadies the work while it is operated upon by the 
face cutter C, which is secured in a heavy cast head H, which in 
turn is bolted to one of the fiat faces of the hexagon turret. 
Heavy spindle power is required to drive cuts of this character. 
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When the cuts are long it is aavisable to use two cutters, the first 
with serrated cutting* edge to break up the scale before putting 
the finishing cutter into the work. The pilot bars should be hard- 
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ened and ground to correct size, as thefe is danger with soft bars 
of their seizing the surface of the bore. 

With the turret lathes, Figs. 263 and 269, where an indepen- 
dent carriage is provided, operations on the face and circumference 
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of the work can be carried on at the same time the turret tools 
are operating on the bore. In Fig. 371 is shown a Gisholt lathe 
operating upon a stepped, pulley. The bore having been finished, 
the long pilot bar is passed through it and entered into the bush- 
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ing in the nose of the spindle, thus forming a substantial support 
for the work. The heavy cast head secured to the carriage is 
provided with a cutting tool for each step of the cone, thus finish- 
ing all the steps in the time of the feed across one. 

In Fig. 372 is shown a method of finishing cones and similar 
work in heavy plain turret lathes. The yoke YY is bolted to a flat 
on the turret. A stationary mandrel XX carries the work. A 
short hollow mandrel W is secured to the face-plate, exactly true 
with the spindle, and having a neat bearing in the yoke YY. XX 
fits the hole in W, and a suitable driver on the end of W engages 
the arms of the work, causing it to rotate upon a stationary 
spindle. 

Feeding the turret forward advances the cutters across the 



steps of the cone. These methods are, of course, applicable to 
a very wide range of work. 

If it is required to bore a hole in a piece of work parallel to 
another hole that has been bored in the lathe, it is necessary to 
offset the work until the required bore is concentric with the axis 
of rotation. This involves very accurate chucking, and if the 
work is large, the swing of the lathe will frequently not permit 
sufficient offset. When enough work of this character is to be 
done to warrant its construction the attachment shown in Fig. 373 
will be found very satisfactory. Its construction is simple, con- 
sisting of a suitable bearing that can be secured to the tool block 
and carrying a spindle or boring bar, A pulley for driving the 
bar can be attached directly to its outer end, or if the amount of 
use the attachment is to be put to will warrant it, it can be con- 
structed as shown in the figure. The spindle in this case is pro- 
vided with a taper bearing at F to receive a taper shank drill, an 
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end milling cutter or a short boring bar. The outer end of the 
spindle carries the gear B ; gear C meshes with B and is carried 
on a radially adjustable stud. Gears B and C should be made 
to interchange or even be replaced by others, and thus provide 
for changes of speed on the spindle. The driving pulley E is 
carried loose on a suitable stud D, which clamps over the nose .of 
the tail spindle. A pair of universal couplings with a telescop- 
ing shaft connects E and C and transmits the i^ower. In the 
operation of this attachment belted power is transmitted to E 
and to the regular lathe feeds used for advancing the cutter to 
the work. The face plate must be blocked to prevent the work' 
from turning. In Fig. 374 is shown a satisfactory method of 
l)locking the face plate and, at the same time, of providing an 
adjustment for accurately locating the position of the bore. An 
attachment of this kind will frequently be found quite valuable 




as, for example, in the boring of a crank disc for shaft and 
crank pin. the attachment boring the hole for the pin with rea- 
sonable certainty of getting it parallel with the bore for the crank 
shaft. 

Fig. 375 serves to illustrate a class of attachments that can be 
advantageously used for performing milling operations on the 
lathe. The attachment shown is secured to the tool block in the 
place of the tool post. The construction is such as to provide 
for suitable vertical adjustment, and the milling cutter to be used 
is carried on an arbor held between the lathe centers. The attach- 
ment shown is suitable only for light milling operations, as it is 
not sufficiently rigid for heavy work. An attachment constructed 
along the same lines and attached to the carriage in place of the 
cross-slide can be made sufficiently rigid to enable heavy work 
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to be done upon it and will, in the absence of a milling machine, be 
found a most useful device. 

The boring of spherical sockets can readily be accomplished 
by means of the special attachment shown in Fig. 376. The 
small gear is mounted on the flattened end of a stub center which 




FIG. 376. 


is fitted to the tail spindle bearing. The cutting tool is secured 
in the face of this gear and the gear caused to rotate by means 
of the rack which is carried in the tool-post and actuated by the 
regular cross-feed on the lathe. The cutting edge of the tool 
must be set at the height of the center. 
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When a piece of work is to be externally turned to fit a certain 
hole or bore the character of the fit must be specified as a working 
fit, which may be close or easy ; a driving or forced, or a shrink 
fit. The working fit indicates that the one moves over the other, 
either by sliding or by rotation, and the niceness of the fit will 
depend on the accuracy required and the means of- producing 
perfectlv cylindrical surfaces. In all working fits the difference 
in diameter of cylindrical surfaces must be enough to allow a thin 
film of oil to cover the surfaces. When very accuratel}^ formed 
the difference in diameter can be extremely small and a perfect 
working lit maintained. If, however, the surfaces are not per- 
fectlv true and smooth more allowance must be made, as other- 
wise the motion of the one upon the other produces heat, which 
usually causes unequal expansion and consequent locking of the 
two parts, the lubricant being forced from the surface. If slid- 
ing or rotation is forced under these conditions, the surfaces will 
seize and abrasion occurs. 

The larger the diameter the more allowance must be made 
for proper working fits. For small spindles accurately surfaced 
.00025 to .001 inch is sufficient, while with larger sizes from .005 
to .01 inch must be given. 

Driving and press fits are those in which the shaft or plug 
is finished slightly larg'er than the bore and forced into the bore 
by driving or b}’ pressure. On small work the operator usually 
depends upon his judgment as to the proper allowance. -A differ- 
ence for each inch of diameter of the work of from .001 to .003 
usually covers the range from medium to heavy forced fits. 
Shrink fits may be conveniently made on work of small or large 
diameter, as they involve only a means for heating up the ring 
or bore an amount sufficient to enlarge it, by expansion, enoug'h 
to allow the shaft or center to enter easihT Driving fits are 
adaptable only to comparatively small diameters, as a hammer or 
sledge is usually employed to drive the parts together, while 
the forced fits involve some form of powerful press. Forced 
fits also are adaptable to comparatively small diameters ; thus, the 
driving axle of a locomotive is forced into the hub of the driving 
wheel, but the tire of the wheel is always shrunk onto its center. 
In making forced fits the surfaces are coated with oil, wdiich is 
of course not done in shrink fits. 

In making a forced fit there is a tendency to swage the metal, 
while with the shrink fit the bore closes squarely down upon the 


LATHE WORK ON FACE-PLATE, ETC. 263 

center. The strains produced in either case are enormous. With 
a press fit it is very important that the parts come together 
squarely. With a shrink fit the bore usually expands enough to 
allow the shaft to enter freely. The connect placing of the parts 
together must be quickly done, as otherwise they will lock. Should 
the sifindle fail to enter readily or stick before it is in the proper 
position, it must be instantly driven out. This may result from 
having allowed too much for the fit or from not heating the ring 
a sufficient amount. 

Forced fits being* made with oil on the surfaces, which lubri- 
cates and preserves these surfaces, make it possible to remove 
by pressure the spindle when desired. With shrink fits this is not 
always possible, the surfaces are not lubricated and frequently the 
bore is heated an amount sufficient to cause a scale of oxide to 
form, which so ronghens the surface that it clings firmly. If 
the bore is small the shaft can usually be moved by heating the 
ring and forcing under a powerful press. The shaft should be 
kept as cool as possible while the ring is being heated by appli- 
cation of cold water as close to the ring as possible. Care and 
judgment must be exercised, and even then the surfaces are 
quite certain to be injured by abrasion. When the work is of 
large diameter and the center can readily be kept cool as with 
the locomotive driving wheel the ring can be heated until it 
drops off from its own weight. 

From the above it will be noted that for work of large 
and medium diameter the shrink fit is most applicable and for 
work of smaller diameter the forced fit is best. In fact on small 
diameters where there is any likelihood of ever wishing to separate 
the parts the shrink fit should not be used. 



CHAPTER XIX. 


BORING AND TURNING MILLS. 

Boring and turning mills constitute a special line of machine 
tools made necessary by mudern methods (jf manufacture where 
large numbers of similar parts are to be handled and machined 
in an economical manner. In Fig. 377 is shown a 30-inch lioring 



FIG. 377. 

and turning mill of the vertical pattern. This represents the 
smallest size machine of this class regularly built. 

A comparison of this machine with an engine lathe reveals the 
same characteristic elements in both. It is virtually a face plate 
lathe standing on end; the bed and upright corresponding to 
the head stock and bed of the lathe. The spindle, face plate and 
driving mechanism bear a close resemblance in both machines 
and the cross rail, frame and slider on the boring mill correspond 
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with the carriage and compound rest on the lathe. For heavy 
work the structural advantage.s of the boring mill are much su- 
perior to those of the lathe. The form of the machine ‘gives 
greater rigidity and as the work rests upon a horizontal table 
more liberal bearings can be provided than is the case with the 
lathe, at the same time overcoming the heavy overhanging parts. 
The ease with which work can be set up and adjusted on the 
horizontal table is a great point of advantage. 

In Fig. 378 is shown a sectional view of the spindle and table 
bearing on the mill, shown in Fig. 377. This large angular bear- 
ing has a self-centering tendency, which tends to preserve align- 



ment. This form of table bearing as well as the flat and V bear- 
ings employed on other machines of this class provides a very lib- 
eral bearing surface; the ordinary weight load due to table and 
work seldom exceeding 25 to 30 pounds per square inch of bear- 
ing surface. Where a flat bearing of large diameter is employed, 
some builders provide a means of raising the table, for fast run- 
ning, from this bearing and running it in its spindle bearings, 
using the ^nd of the spindle for a step bearing. The small sized 
machines are usually provided with turret heads, either plain or 
swivel. Automatic feed in all directions with feed knock off is 
usually provided. 

In Fig. 379 is shown a vertical boring mill of the larger class. 
The tool shown swings fourteen feet in diameter. It is also 
made to swing twenty feet by using an extended base upon which 







CORING AND TURNING MILLS. 


267 


ated upon is secured to the table which is adjustable in three dio'^c- 
tions, thus making it possible to bring any part of the work sur- 
face into position to be operated upon by a tool held in the boring 
bar. - Graduated dials on all of the table operating screws make 
exact spacings for holes in the work possible, a most valuable 
feature on many classes of work. For through work, as in the 
boring of cylinders, the bar is sufficiently long to extend through 
the outer support, a suitable cutter head being secured on the 
bar to carry the cutting tools. In the case of bores too small to 
allow the main boring bar to pass through, smaller bars fitted to 
the tapered bearing in tlie end of the main bar and fitting bush- 
ings in the outer support are used. The facing head shown at- 



FIG. 38 1. 


tached to the nose of the spindle may also be secured to the bar 
at any point, thus making it possible to face either end of work 
that the bar passes through. These machines may be advantage- 
ously used for heavy plain milling work. 

x\notlier form of horizontal boring and drilling machine is 
shown in Fig. 381. Here the work table is mounted upon the 
bed and the vertical adjustment is obtained by moving the 
spindle vertically over a substantial upright. The outer bearing 
is geared with the head, thus causing it to move with the spindle. 
Automatic table feed adds much to the convenience of this tool 
for general work. 
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For very heavy work it is frequently better to secure the work 
to a solid bed and give all adjustments to the spindle. Such a 
tool, commonly known as a floor boring, drilling and milling ma- 
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chine is shown in Fig. 3S2. The construction of the machine is 
evident from the 'figure. Automatic cross and vertical feeds are 
provided for milling. In Fig. 383 is shown an example of a floor 
lioring mill at work on a machine frame. 

In the floor boring and drilling machine of Fig. 384 a uni- 
versal tilting table is provided. When fitted with a revolving 
talfle, operations can be performed on all sides and at any angle 
on a piece of work, the bottom excepted, without changing its 
setting. 

Cylinders may be bored in the lathe in the vertical, horizontal 


FIG. 384. 



or floor boring machines, but when a large amount of that class 
of work is to be done, a special cylinder boring machine, an ex- 
ample of which is shown in Fig. 385, is generally employed. In 
this machine only those features of the horizontal mill necessary 
for the required work are retained, A heavy boring bar, rigid 
outer support, double facing head and no vertical adjustment 
are the usual characteristics of these tools. The work is usually 
held in a suitable jig which permits of rapid setting. 

In securing work to the table of the vertical boring mill, the 
same care and methods are employed as with the lathe. When 
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possible the work is held in chuck jaws or in special drivers, as 
shown in Fig. 367. The latter method has the advantage of not 
tending to spring and affect the circular truth of the work and 
leaves, as in balance wheel turning, both edges of the rim free to 
operate upon. The turning and boring tools used in machines of 



this class are quite similar to those employed in engine lathe work, 
the grinding of the cutting ' edges being the same for similar 
work. The same boring bars, reamers and formed facing tools 
used in turret lathes may be used in the vertical mill. 

For cylinder boring work in the horizontal iniil, the cutters are 



usually carried in a special head which fits over the main boring 
bar and may be keyed and clamped at any position in its length. 
A head of this description is shown in Fig. 386. The cutting 
tools, usually two or four in number are clamped in position and 
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(hi- bar stock without fors'iusj,'. . 

Tn Fi" 3^7 is shown the method of boring' and facing a 
cpol;; cdiniler ip .He l.oriponUl boring mill. Tbe )'O-0 ' 

■frames bokling tbe work are seeprely tioUcd 

-u Lv two set screws in Ctich yoke. ->y *“ 

^rews, and the table adjusting screws, the work can be truec 
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cppeenlrically will, tbe l,ar. Tbe bead .shown m Fig. jbf. is passe 
llirmigb Ibe bore on ,a moderately fine feed and removes the most 
of the stoek, the cot being divided between two or mote eittleis 
A king on is then taken back throitgh the bore leaving only a 
mirnmoiint for the finishing cnt. As the scale and sand has 
iweii removed by llie first or ronglihig cnt, » „ 

speed can tisnall, 1» employed on *V'"7*7l„,d 1 o be too 
intended as a tniing or siaing cnt, the feed shottkl not 

"“The finisliiiig tool is next placed in the head and passed 
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through on a coarse feed. This tool should have a broad cutting 
edge, very slightly rounded in its length ; should be ground with 
very little clearance and stoned true and smooth. Its cut should 
be a light one and the cutting speed well within the safe limit for 
the steel employed. The object of the coarse feed is to dis- 
tribute the cut over a greater length of tool edge and to perform 
the work with the fewest numlier of revolutions possible, thus re- 
ducing the wear on the cutting edge to a minimum and produc- 
ing a parallel bore. Where a number of bores are to be finished 
to approximately the same diameter, it is advisable to have the fin- 
ishing tool set in an independent head which can be substituted 
for the regular head. This virtually corresponds to a reamer and 
makes possible very close duplication of bores. 

The end of the cylinder is next faced with the facing head 
shown, and if desired the holes for the cylinder head studs may 
be drilled and tapped by operating the cross and vertical table 
adjustments and using* a drill and tap in the main bar. Wheie 
a number of cylinders are to be bored it is usually found more 
economical to do the drilling and tapping in a smaller machine. 





CHAPTER XX. 


K,,ANIN(; AND SHAPING MACHINES. 


Their 'Pools and Aflachnicnis, 

The planer and shaper, with their modifications the slotting 
machine and key-sealer, constitute a distinct class of machine 
tools, the oflice of which is to machine plane and irregular sur- 
faces that can be most readily machined by a straigdit-line cut. 
Although a considerable amount of work that, until a few years 
ago, was classed as planer and shaper work has l^een turned over 
to tlie milling machine, there still remains a very wide range of 
work that must continue as planer and shaper work. These tools 
l)ear to the machining of plane surfaces ])ractically the same re- 
lationship that the lathe does to the machining of round work. 
Tlie cutting tools used on the planer and shajicr are jiractically 
tlie same as those used on the lathe, and the general principles in- 
volved in tlie operating of tlie machines are quite similar. 

The planer and shai)er, although used on the same class of 
work, differ materially in design. In the ])laner tlie work moves 
to the tool, while with the sha])er the 1(K)1 moves over the work. 
In the i)laner the vertical and lateral feeds are given to the tool, 
while on the shaper the lateral feed is usually given to the work, 
the vertical feed, however, lacing given to the tool In what is 
known as the traverse head shaper, l)Oth feeds are given to the 
t(»ol and the work is held ]ierfectly stationary. 

In Fig. 38 <S is shown a standard modern planer. The bed is 
-(]t‘ep and heavy witli the work tabic moving in inverted vees. 

bousings or ujudglits are secured firmly to the bed and cross- " 
lic'd at the lo]). The cross rail is gibbed to the front of the hous- 
ings and carries the t(V)l heatl The cross rail is adjustable verti- 
cally, ])c‘ing o])crale(l hy Ibe two elevating screws, by hand on the 
smaller machines, and by i)nwer on the larger ones. ( )n t\ie large 
inaeliiues, two lusads^are frec|iieu^^used on the cross rxujjmdjji^.'^ 


faiabline* several cuts to 
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the feeds. In some of the earlier planers the table was driven by 
a quick-pitch screw with suitable gears and pulleys at the end of 
the bed. This method has been entirely replaced by the rack and 



FIG. 388. 


gear drive and the Sellers or spiral gear drive. In Fig. 389 is 
shown the gear arrangement as commonly used in the rack and 
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gear drive. The rack A is secured to the bottom of the table. 
The gear B meshes with the rack and is driven from the pulley 
C through the gear reductions E F and B H. D and I are loose 
pulleys carrying belts that run in opposite directions. When the 
belt running in the direction of the arrow is on the pulley C the 
table and work move toward the tool, and when the reverse belt 
is thrown upon C the table moves the work away from the took 
The backing belt is usually driven at about four times the velocity 
of the forward belt, thus giving the table what is termed a quick- 
return motion. The object of this is to get the table and work 
back and ready for another cut with the least possil)le loss of 
time. As applied to the planers ])y diEerent makers, this mecli- 
anism differs somewhat in its arrangement, but in all cases is a 
sim|)le geared reduction. 

The reversing mechanism differs materially on tlie various 
machines. That used by the (Iray Company on the planer shown 
in lug. 3S8 illustrates one of the sim]:)ler methods. As quite 
clearly shown, tlie l:)elt-shifting rings are attached to a pair of 
arms controlled by cams. The dogs, which clamp to the side of 
tlie tal)le at any point in its length, engage the ship[)er lever on 
forward and return strokes, through the connecting rod, and 
move the cam plate and hdt arms. I'he motion is such as to 
cause tlie belt driving to be shifted from the tight pulley before 
the other ])elt is shifted on, thus preventing both belts from get- 
ting on to the tight pulley at the same time. As these belts must 
be shifted very quickly and, when the tal)le is making short 
strokes, very often, it is quite necessary that the belts l^e narrow 
and run at a higli velocity. These belts will not shift properly if 
run too tight, and should always l)e of the ])est grade of douldc 
leather Inciting in order to stand the wear and pressure on the 
edges. As it is freciuently necessary to run the work out from 
under the tool to take measurements, and it is not desirable to 
change the position of tlie dogs, the shipper lever is provided with 
a tri]) stop which can be raised, to allow the dog to pass over 
without changing its position. The planer cannot be depended 
upon to stop its talile at exactly the same place each stroke. This 
variation may arise from changes in the pressure of tlie cut, but 
more frequently from changes in the speed of the belts, thus vary- 
ing the time in which the inertia of the rotating parts is over- 
come each time the l)elt is shifted. 

In Fig. 390 is illustrated a planer with a spiral geared or 
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Sellers drive, and the planer shown in Fig. 394 also has a drive of 
this description. 

As shown in Fig. 391 the mechanism for driving the table is 
simple. A spiral pinion, usually having a quadruple thread, en- 
gages a rack, the teeth of which are at right angles to the length 
of the table. This throws the axis of rotation of the pinion away 
from the line of motion of the table an amount equal to the spiral 
angle of the teeth in the pinion and carries the pinion shaft at this 
angle through the side of the bed. This gives a broad bearing 
between the teeth of the pinion and rack and causes the line of 
pressure to come directly in the line of the table’s motioiv Suit- 



Fio. 390. 



able bevel gearing and tight and loose pulleys on the outer crul 
of the shaft complete the driving mechanism. This drive is noted 
for its smoothness of action, and freeness from the vibration fre- 
quently found in spur gear drives. 

The mechanism for operating the feed is comparatively sim- 
ple on most planers, the same mechanism usually operating both 
vertical and cross feeds on the cross rail head, or heads when 
more than one are used. As the amount of feed adjustment per 
stroke must be constant and as the length of the stroke varies, 
it is necessary that the feed-operating device give the full amount 
of feed adjustment during a relatively small amount of the tablets 
stroke. In fact, the short es|^stroke it is possible to have the table 
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make, should gave the full feed adjustment for each stroke. In 
Fig*. 388 the arrang*ement shown is simple and eifective and in 
modified forms is larg*ely used hv the different builders. 

The head which ojierates the feed is driven by the extended 
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pinion shaft, 'tlic arrang*ement of ])arts beings as shown in Fig". 
3()2. The disc A is secured to the shaft and consequent!}^ ro- 
tates with the ])inion, right or left handed rotation depemling 
u])on the direction in whicli the table is moving. The disc car- 
ries a casing W and cover C, the cover being held to B with tlie 




three studs D' D D and against the friction washers E and F with 
a uniform jiressure by the sinral springs under the nuts on the 
studs. If the casing is relieved, it and the cover C, together with 
the wrist pin G, rotate until the casing is again held. In the back of 
tlie casing is a slot H into which the stationary ])in I extends. 
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The length of this slot is determined by the amount of casing 
rotation required. In action, the table starts on its stroke; L> 
and G rotate until I strikes the end of the slot H and the rack 
has been moved up or down, depending upon which side of the 
center the pin G is. As the table continues its stroke, the disc 
A slips between the washers E and F, and G remains stationary. 
When the table starts on its return stroke, A rotates in the oppo- 
site direction, carrying with it B and G until the pin strikes tlie 
other end of the slot, the rack having received motion in the op- 
posite direction to that given on the forward stroke. Thus the 
rack is moved up and down once each time the table moves for- 
ward and back, and the amount of the rack motion depends upon 
the distance B is from the center and is independent of the lengdi 

of the table stroke. A pinion X 
gears with the rack and through 
a shaft carries the gear A, Fig. 
393. Gear B rotates free on tlie 
shaft, gears with C, and on its 
face carries the double ])awl 1). 
If the lower foot of this ])awl, as 
it stands in tlie cut, is thrown 
in, it slips on the u]) stroke of 
tlie rack, but drives the gear B 
in the direction of the arrow on 
the down stroke. If the U|)])er 
foot is thrown in it sliiis on the 
down stroke and carries gear B 
in the opposite direction, the direction of feed lieing reversed. 
It is evident that with the wrist pin G, Fig. 392, on the same sirle 
of the center, the feed occurs at the beginning of the forward 
stroke when the feed is in one direction, and reversal of the feed 
makes it occur at the beginning of the return stroke. The wear 
on the feed mechanism is least when the feed occurs at the l)c- 



ginning of the return stroke, as it is not then necessary to move 
the tool while cutting. On the other hand, feeding on the return 
stroke makes the wear on the tool in dragging back somewhat 
greater. When the heads are attached to the face of the hous- 
ings, they are given a vertical feed on the housing in a manner 
similar to that already described. By removing the gear G from 
the cross screw and putting it on the feed rod, the vertical feed is 
operated in a manner similar to that for the horizontal feed. 
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The size of a planer is determined l)y the length of its table^ 
the distance between housings and the maximum distance be- 
tween table and bottom of cross rail. The extension side planer 
is so constructed that the housing on the side opposite the driv- 
ing and feed mechanisms can be extended out over the widened 
bed. In this tool, the capacity is increased by spreading the hous- 
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ings, an extra long cross rail, of course, being required. This 
class of planer is of value in shops where only a small per cent of 
the work done requires a wide planer. Another modification 
known as the oiien-sidc jdaner is shown in Fig. 394. In this tool 
one housing is dispensed with entirely. The cross rail being 
heavy, strongly liraced and carried on heavy housings on the 
one side removes the width limit on the work to be machined. 
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When the work is very wide and overhangs the table by an ex- 
cessive amount it is necessary to provide some form of out-board 
support for the outer portion of the work to rest upon. 

On all planers the cross rail is elevated by two square-thread 
screws set in the face of the housings and geared together at the 
top. These screws are preferably right and left handed and must 
loe very accurately cut, as otherwise the cross rail will not remain 
parallel to the table in its width at all positions. On the larger 
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sizes where the cross rails usually carry two heads and arc very 
heavy the elevating screws are opei*ated by power belted from 
the countershaft. 

I he form of bed shown in Fig. 388 is the one known as the 
deep box bed and is now quite generally used. It is strongly 
ribbed and its form is such as to make it very strong and rigid. 
The form of tabic guide quite exclusively used on planers ’is 
known as the inverted “V.’' In any planer it is very important 
that these guides be most carefully fitted and suitable means pro- 
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vicled for their lubrication. The bearing .surfaces are usually 
grooved to retain and distribute the oil with suitable wipers pro- 
vided to carry the lubricant to these surfaces. In Fig. 395 is 
shown a common and very efficient method. An oil well or 
pocket is cored in the bed near the center of the table's motion, 
and a pair of conical rollers carried in a suitable frame ami held 
against the surface by a spring carries the oil from the well to 
the surface to be lubricated. The principal difficulty with this 
arrangement comes when the table is worked on short stroke for 
a considerable length of time, as in that case the portion over the 
rollers only is properly lubricated. On long strokes, however, 
the action is perfect. 

I he planer table is always provided with a large number of 
holes for stops and for liolting the work to the table, also with 
suitable 1 -slots. These holes should lie drilled and reamed and 
the T-slots planed or milled in order that the liolt heads may move 
freely in them. 

Fig. 396 shows a side view of a planer head. This same gen- 
eral form is used by all builders on both the jilaner and shaper. 
It is nothing more than the compound rest on the lathe, having in 
addition the tool box and apron. The cross rail corresiKinds to 
the carriage on the lathe. It is a rigid girder that contains the 
cross-feed screw and the vertical feed rod, and upon which the 
saddle travels, it being securely gibbed to the cross rail. The 
swing frame pivots at the center of the saddle’s face and may lie 
clamped at any desired angle, either side from the vertical, Mie 
amount of the angle being determined by gi-a.diiations either on 
the edge of the frame or face of the saddle. The slider is gibbed 
to the swing fiame and operated by the feed screw shown in the 
figure, either automatically or- by hand. The automatic feed i.s 
accomplished in the same manner as for the compound re.st, a 
section of which is illustrated in 'Fig. 243. The mechanism, 'of 
course, varies somewhat with the different builders. The tool 
box is pivoted to the slider and has a limited amount of adju.st- 
ment each side from the center, being clamped rigidly' in any de- 
sired position by the lock bolts shown. The apron', which fits 
neatly in the tool box, is pivoted to the box at the upper forward 
corner, thus allowing it to swing outward on the return stroke 
and prevent the tool from dragging heavily over the work surface. 
The tool post is secured to the apron. The office of die tool box 
is to allow the tool to swing out from the work on the return 
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stroke when machining side surfaces. It is evident that if the 
tool post was secured ^to an aiDron pivoted directly to the slider, 
the tool would swing straight out on the return stroke, which 
would be all right when machining top surfaces. If, however, 
side surfaces were machined, the tool, in swinging straight out, 
would drag up over the surface planed, injuring the tool and 
marring the surface. When, however, the apron pivots to a tool 
box that can be inclined somewhat away from the work sur- 
face, it is evident that the point of the tool will, upon the return 
stroke, swing out from the work; hut if the top of the tool box he 
inclined toward the side of the work, the tool will swing into the 
work surface, causing trouble. It is therefore necessary to swing 
the box in the opposite direction when changing from one side of 
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the work to the other. The tool clamping device may be an 
ordinary tool post as used on the lathe, but it is more commonly a 
pair of clamps, as shown in Fig. 397. 

What is known as the standard shaper is of the column or ])il- 
lar pattern, one design of which is shown in Fig. 398, with several 
shaper attachments (to be described later), in this machine the 
upright is called the column. The cross rail is giblied to its 
front face and is adjustal)le vertically ])y a suitable elevating 
screw. The box or knee is secured to a saddle which moves over 
the cioss rail. The ram carries the tool head v 71 iich is in everv 
way similar to the one described above, the swing frame beitig 
pivoted to the end of the ram. In the example shown, the swing 
frame is r^ated by means of a worm gear and hand wlicel, winch 
enables its operation while the machine is in motion, a most con- 
venient method of shaping out concave surfaces. 
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In all shapers the ram is actuated by one of two methods. 
The geared method provides for a rack and gear drive similar 
to that used in operating* the table in the planer. It is simply a 
geared reduction, the quick return to the ram being accomplished 
by cither the use of a smaller backing pulley or higher belt velo- 
city for the return stroke. This drive is illustrated in Fig. 389. 

In Fig. 399 is shown a standard pattern shaper having a rack 
and gear drive. This drive, although little used on small ma- 
chines, is always applied on the larger shapers. Machines of 
the |)attern shown in Fig. 399 arc regularly made in sizes from 
i6”incli stroke up to 48-inch stroke. 

The other method is known as the crank drive, in which a 
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crank or its equivalent, operated by a suitalile system of gears, 
transmits the motion to the ram. The use of the simple crank 
drive has i.)een stipersedcd l)y crank drives which involve a quick- 
return motion. With the simple crank motion, not only is the 
time occu])ied on the return stroke of the ram equal to that on 
the forward stroke, but the relative velocity of the ram varies 
greatly between the beginning and the end of the .stroke, being 
much more rapid at the middle than at the ends. With the quick- 
return motion, however, it is intended to reduce the time during 
which the ram is on its return stroke and tliiivS give more time for 
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the forward or cutting stroke, and also to average up as much 
as possible the relative velocity of the ram at the different por- 
tions of its forward stroke. In all cases the power is communi- 
cated to a shaft, usually by a belt running on a stepped cone, 
causing it to rotate at a uniform rate of speed. 

Crank shapers as regularly made run in sizes from I4~iiich 
to 30-inch stroke. 

In Fig. 400 is shown the mechanism commonly known as the 
slotted or vibrating link. P is a pinion receiving motion from 
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the bolted cone at a uniform rate of rotation, and gearing with 
the gxar G. The link M M pivots at the point L and carries at 
its upper end the rod R which connects with the ram at H. A 
block B is fitted nicely in a slot S in the link and is carried on 
the pin I which projects from the face of the gear G. The path 
of the i)in is a a, the block B moving up and down in the slot 
and causing the link to vilirate about L through the limits y y, 
carrying with it the rod R and the ram. If G rotates in the 
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direction shown by the arrow and the tool end of the ram is at K, 
then the forward part of the stroke occupies that portion of G’s 
rotation indicated by the angle x and the return portion by the 
■angle y. It is, therefore, evident that the return stroke occupies 
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iniich less than one-half of the revolution of G.. An analysis of 
the mechanism shows the motion of the ram to be much more 
uniform than with the simple crank, the velocity being faster 
at the beginning and end of the stroke and slower through the 
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middle portions. As more of the time of each revolution is oc- 
cupied by the cutting stroke with the quick return than with the 
simple crank motion, the velocity of the cut will be lower and 
more uniform, thus enabling a greater number of strokes per 
minute to be taken than would be permissible with the simple 
crank motion. By carrying the pin I toward its center of rota- 
tion, the length of the stroke may be shortened by any desired 
amount. 

The Whitworth quick return motion, as illustrated in Fig. 401 



is vei-y largely used for shaper drives. Referring to tlie figure, 
P is the pinion that transmits the power to the gear G, causing 
it to rotate at a constant rate of speed. G rotates upon a fixed 
stud B of large diameter. The crank A is fixed to the shaft C 
which has a bearing in ' B eccentric to its center. A pin D is 
fastened in the face of the gear G and engages in the slot I in 
the back of the crank, thus causing the crank to rotate with the 
gear. A pin X carries the end of the connecting rod R which 
transmits the motion to the ram at Z. The path of D’s rotation 
is about the center of B, and the path of X is about the center 
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of C. When the crank is in the position shown, the lever arm 
D C is minimum, and since D rotates at a uniform rate of speed, 
the velocity of X will be greater at this point than at any other 
point in its rotation. When D reaches the position D', the 
lever arm D C becomes maxTimum and the pin X is moving’ at 
its slowest rate. While X is going from W to W', in the direc- 
tion of the arrow, the ram Z is making its return stroke and the 
pin D has rotated from V to V' or through somewhat less than 
one-half of its revolution. The forward stroke is made while R 
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moves from W'' to W and D from V' to V. It is evident from 
the above that more time is occupied on the forward than on the 
return stroke. 

A form of shaper well adapted to the machining of long pieces 
of work is sliown in Fig. 402. In this tool the bed, which is 
long, carries the knee on its front face and the arm which corre- 
sponds t(.) the ram on the ])illar shaper is given a motion length- 
v/ise of the bed, the tool head licing fed automatically in or out 
on the arm. Tliis machine clifters from the ()])en-side planer, 
ns illustrated . in Fig. 3(>p in that the toed moves over 
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stationary work, whereas the work moves itncler the tool in the 
open side planer. On that which is known as the movable head 
shaper, illustrated in Fig. 403, the work remains stationary and 
the ram is mounted in a saddle gibl^cd to the top of the bed ami 
fed over the work. Shapers of this class are most excellently 
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adapted to the machining of widely separated surfaces on heavy 
pieces of work. 

In the classes of shapers above illustrated the cutting stroke 
is the outward or piush stroke. In the Morton or draw. stroke 
sha])cr shown in hdg. 404 the reverse is the case, as the tool cuts 
on the inward or draw stroke. This tool has bedi very success- 
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the vsamc as those used on the lathe, as, for example, the side- 
cutting, diamond point and ctitlini’‘-off tools. There are, how- 
ever, several forms si)ecially adapted to planing* operations. The 
extended nose tool shown in log*. 405 is used for cutting key- 
ways or for any class of internal work. This tool, unless short 
and heavy, s])nngs badly. It should he held as high in the tool 
holder as permissible, thus reducing the s])ring to the least amount 
possible. The shape of the cutting edge is suited to the character 
of the work and should lie given as small an amount of bottom 
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cleaiance as will enable it to take hold of the cut, otherwise it 
will^dig into the work badly. The Armstrong i:>laner tool shown 
in big. 406 takes the place of several forms of ordinary planer 
tools, as top roughing, right and left side roughing and right and 
left under-cut, all as shown in the figure. It may also be used to 
hold cutting-off blades or formed cutters of any class. A tool 
of this kind for the planer possesses the many advantages of 
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similar tools for the lathe in which a small cutting tool of self- 
hardening steel, ground rather than forged to shape, is used. 

The gang tool shown in Fig. 407 is often used on the planer 
where the surface to be machined is large and comparatively 
regular in outline. It consists, as shown, of several tools set one 
back of another in a suitable head held in the tool clamps in the 
usual manner. The cutting points are so adjusted that each 
takes the regular cut desired so that a regular feed of, say, 1-16 
inch on each cutter would, on a gang cutter tool, enable the head 
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to be fed over the surface one-fourth of an inch at each stroke 
of the work. A tool of this class carrying a roughing and a fin- 
ishing cutter must not be depended upon to produce satisfactory 
work when good riiachined surfaces are required, as the spring 
of the roughing cutter due to the inequalities of the work surface 
is communicated to the finishing cutter, and this must as a result 
produce a finished surface having much of the irregularity of the 
original rough one. Single tools of this character with special 
formed cutting edges are much used on special work. 

Planer and shaper tools should, almost without exception, be 
ground with veiw little bottom clearance. The rake should be 
suited to the hardness of the metal being machined. It is ad- 
visable, when possible, to have the cutting edge well back under 
the head so that the spring of the tool and head will not cause 



the cutting* edge to dip into the work surface ; it also tends to 
prevent chattering. This point is illustrated in Fig. 408, where 
at A is shown a tool whose cutting edge is well ahead, and at B 
one with the cutting edge well back. The dotted lines show 
the path the cutting edge tends to follow in each case, due to 
the spring of the tool itself. The spring of the head tends in 
each case to let the point into the work, but not so badly in the 
case shown at B as at A. On all top and side cuts the tool 
swings out and away from, the work surface on the return stroke. 
For under cuts, however, except those of comparatively slight 
angle from the vertical, where the head can be angled to meet 
the condition, the tool must bC' held from swinging out on the 
return stroke, as it would in that case cause trouble, lifting the 
work or breaking it, the tool, or the head. For under cuts The 
tool should have a long shank extending well above the clamp 
and blocked out at the top as shown in Fig. 409. As the tool 
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drags back heavily in such cases, the wear on it is excessive. 
A side head, due to its position, is well adapted to .under-cut 
work. Where much under-cut work is to he done and a side 
head is not available, or owing to the position of the work sur- 
face, not adapted, a relieving tool similar to the one shown in 
Fig. 410 call be made at a small expense. In this tool a stud 
projecting from the side of the shank carries a small tool hold- 
ing collar, which can rotate on the stud until the stop A 
strikes the shank. A light spring S hears against the stop, al- 
lowing* it and the tool to swing hack from the work on the re- 
turn stroke and bringing it back again for the beginning of the 
forward stroke. For finishing cuts at coarse feeds the broad 
nose tool shown in Fig. 41 1 is used. The corners are slightly 
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rounded, as shown at A, B, and the tool given only a slight 
amount of clearance, as shown. 

The planer and shaper, when equipped with suitable attach- 
ments, are capable of a very wide range of what might be termed 
special tooling operations. An emery-grinding head is secured to 
the cross rail with suitable belted connections to drive its wheel 
and .the planer table at the proper speeds, and the planer is con- 
verted into a very creditable plane grinding machine. This 
transformation, however, is not to be advocated, as the be.aring 
surfaces of the planer are not properly designed for the pro- 
tection necessary against the flying particles of emery. The cot-' 
version, however, intp a plane milling machine is more com- 
mendable, as the planer when provided with suitable feeds for 
the table is fairly well adapted to milling work. In Fig. 412 is 
illustrated a device that can readily he attached to the cross nil 
of any planer, virtually converting it into a slab milling machhie. 
The head of this attachment is so constructed that the spindle 
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can be swiveled from horizontal fo vertical. A.s there are man}^ 
operations that can be more advantageously performed by milling 
than by planing, an attachment of this kind will frequently be 
of value in cases where a slab milling machine is not available. 
In Fig*. 413 is shown an attachment for planing concave or con- 
vex surfaces. It consists principally of a vise pivoted in suita- 
Me housings at the points O O. The arm S is a part of the vise 
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and carries within it a stud terminating in the guide R. The bar 
( i ( ; is secured at any desired angle with the table to the post P, 
wl'iich is fa.stened to the side of the planer bed. If G G is 
parallel to the work table the vise will have no motion relative 
to its housing. If the bar is set as shown in the figure the farther 
end of the vise elevates as the table advances to the cut and a 
c(.)ncave surface results. By inclining the bar in the opposite 
direction, however, the end drops as the table advances to the 
cut and a convex surface results. The arc of the circle planed 
depends on the amount of the angle between GG and the table; 
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the greater the angle, the smaller the radius of the surface planed. 
With the bar G G removed the vise becomes an ordinary planer 
vise, possessing the additional advantage of being adjustable to 
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quite an angle with the work talde, a point of value in the planing 
of weclges. 

l.daiier vises are very necessary accessories to ))oth the planer 
and shaper, as a consideral)le amount of planer, and more cs- 
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pecially shaper work must he held in the vise. In Fig. 414 are 
shown two f(.)rms of planer vises. The vise shown at A has a 
])lain l.)ase,'to be clamped in any desired position on the planer 
table. The adjustment of the movable jaw is clearly shown in the 



MODERN MACHINE SHOP TOOLS. 


296 


figure. The vise shown at B is provided with a circular base 
usually fitted with two tongues to fit the w^ards or T slots in the 
planer table and thus insure its being put on at the same angular 
j^osition with the line of the table’s motion. The circular bottom 
of the vise. is pivoted at the center of the base and provided with 
a graduated rim, thus making it possible to set the jaws at any 
desired angle with the tablets length. In this vise blocking is 
used between the clamping screws and the movable jaw. It is 
quite necessary in any planer vise to have the movable jaw so 
secured that it can be clamped down closely to its seat, as other- 
wise the clamping of the work between the jaws wiU cause it 
to lift. The shaper vise is considered a regular shaper attach- 
ment, and is always furnished with the machine. The sliding 
jaw is always operated by a screw and gibbed to the body of the 
vise. 

The attachment shown in Fig. 415 is a special tool for the 



planing of circular surfaces, as, for example, locomotive driving 
boxes. Its range is comparatively small. The long shank is held 
in the regular tool clamps. The head of the attachment is 
pivoted at its center in the end of the arm and operated by a 
shaft carried in a recess in the back of the arm. A worm and 
worm gear at the upper end of the bar provides a suitable feed 
drive for rotating the tool. When a considerable amount of work 
is to be done with the attachment a suitable automatic feed can 
readily be applied to the worm. 

The milling machine has taken most of the center work away 
from the planer. A pair of planer centers, however, an example 
of which is shown in Fig. 416, is frequently of great value. They 
arc usually toiigued to fit the wards in the table, and the head 
s])inclle is so indexed that the circle can be divided into a large 
number of equal parts. 
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111 Fig. 398 is illustrated a number of shaper attachments. 
The one shown on the machine is for planing" spirals. The 
spindle of the head is rotated back and forward with the strokes 
of the ram through a suitable geared mechanism operated by 
the up-and-down motion of the block over which the inclined 
guide (which is actuated by the stroke of the ram) slides. The 
work to be operated upon is held between centers, and as the 
upper section of the knee can be inclined, spirals can be shaped 
upon tapered work. The shaper vise is shown at the rear of the 
cut. Two small centers attached to the jaws, as shown, are fre- 
quently found very convenient. The vise wedges shown on the 
extended base of the shaper are pivoted at the center and are 
used against one of the jaws of the vise in holding tapered work. 

In the front and on the left of the cut is shown a convex 
shaping attachment. This may be secured to the front of the 
cross rail in the place of the 
knee, and the feed attached to 
the geared feed mechanism 
shown, which gives the circular 
table, and such work as may be 
clamped on it, a rotating feed 
motion. This device can also be 
secured to the knee in a horizon- 
tal position for operating upon special work requiring the ma- 
chining of radial surfaces. 

The circular attachment shown in -the center of the foreground 
is provided with an arbor carrying two cones. Work having 
any bore within the limits of the cones can be held on the at- 
tachment, an automatic feed giving the work feed rotation. The 
index centers shown on the right are in principle similar to those 
shown in Fig. 416. They are, however, self-contained, both head 
and tail stock being secured on a suitable base casting, which in 
turn may be secured to the knee of the shaper. In Fig. 399 A 
is shown the circular attachment as used on the "‘Cincinnati’'' 
shapers. The spindle is driven by a worm and gear, either 
by hand, or automatically by the power feed mechanism shown. 
In Fig. 399 B is shown the automatic head feed used on this 
shaper. It is a positive acting mechanism, having a variable feed 
adjustment. The action corresponds to that used on the planer 
head feed, the short side shaft corresponding to the feed shaft in 
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the cross rail and the motion is transmitted to the nut by two 
pairs of miter gears. 

Spiral planing attachments similar to the one shown in Fig. 
398 are frequently applied to planers for the grooving of spiral 
rolls and work of that class. Another attachment for the cutting 
of spirals on the planer consists of a rack secured to the side of 
the planer bed at about the height of the surface of the work 
table. A pinion carried on a shaft running in bearings secured to 
the surface of the table and at right angles to its length gears 
with the rack. This cross shaft through a pair of bevel gears 
transmits its motion to a spindle parallel with the table’s letigth 
and to which the work to be spirally planed is attached. The 
motion of the table causes the shaft, spindle and work to rotate 
at a rate determined by the velocity ratio of the gears. 

A shaper is sometimes used for key seating bores. There is a 
vertical supporting knee attached to the table for holding the 
work, and a special bead attached to the ram in place of the 
ordinal*}^ tool box. This head holds a cutter bar, which is in tlie 
form of a broach, and will cut the keyway at one stroke of the 
ram. 



I 



CHAPTER XXL 

PLANER AND SHAPER WORK. 

The proi^er securing of work in the vise or on the shaper or 
planer tabic for planing operations is a most important step in 
the production of satisfactory work. As the variety of w(.n'k as- 
signed to these machines is gTeat, the operator continiiaily finds 
himself against a new problem requiring good judgment and 
care. In most cases much more skill is recpiired in the setting 
up of the work than in the machining. When the work is com- 
pact and heavy, and the amount of metal to be removed is rela- 
tively small, the danger of springing it is not usually great, if, 
however, the work is large, of irregular shape or light, the 
danger of sjuiuging is great. The springing is due to two 
causes : First, by ununiform or severe clamping which disUjrts 
the work and throws the machined surfaces out when it is un- 
damped; second, the removal of the outer surface of a casting 
or forging, which frequently relieves shrinkage and forging 
strains and throws the work out of true. The first’ of these 
troubles can be overcome only hy using the utmost care in setting 
up the work, and the second by, so far as possible, first roughing 
off all surfaces locfore taking any finishing cuts, thus allowing 
the work, after the roughing, to assume its normal condition as 
to strains. 

The most important consideration in the damping <.)f work 
to the table is to locate the ])oints of damp pressure directly over 
the points of support. The supports should be firm and l)ear as 
equally as possi 1 )le between the work and the table. When only 
a thin shim is required to level u]) the work, it should i)referal)ly 
be of metal, as cardboard, leather or any compressi1)le material 
will allow the damp to spring the work. Good blocks and ])aralld 
bars are indispensable in the planer outfit. For work where the 
points of support vary in height, leveling wedges and small jack 
screws are most excellent, as they can be quickly adjusted to any 
desired height, "^riicse leveling wedges, especially^ if a single 
wedge is used, vsbould l)e made with only a slight taper. In Fig. 
417 is shown a ]’)air of these wedges. When carefully made they 
form a good supi)ort and may he used to make the fine adjust- 
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ment for height cither directly on the work table or on top of 
other blocking. The planer jacks shown in Fig. 418 are most 
excellent, a few of these frequently replacing a large number of 



blocks of miscellaneous .shapes and sizes. A good set of planer 
b(dts should be found on each machine. Common machine bolts 
are not well suited to this purpose as the heads are too thick 



and not large enough to properly fill the T-slot. Planer bolts are 
preferably made of mild steel with heads turned to required 
thickness and milled on the four sides to properly fit the T-slot. 


O O 
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The clamp is usually made from a bar of flat steel with one or 
more holes drilled in it for the bolt, as shown in Fig, 419, and 
tapered somewhat on the work end to more readily enable it to 
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be placed in the corners of the work. The clamp shown in Fig. 
420 is made from square iron and forms a substantial and con- 
venient form of clamp. Clamps of this character should be ap- 
plied to the work in the manner shown in Fig. 421, as closely as 



possible ; that is, the bolt should stand close to the edge of the 
work and the blocking for the outer end of the clamp as far 
away from the bolt as convenient, thus throwing most of the bolt 
pull upon the work and not upon the blocking, as would be the 



FIG. 421. 





FIG. 423. 


case if the bolt was nearer the blocking than the work. The 
T-sIots should be sufficiently deep to prevent any reasonable bolt 
pull from breaking them out. This clanger is, however, lessened 
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by placing the work or its point of support as close up to the 
bolt as possible. 

If the entire surface of the work is to be machined, clamps 
as above described cannot conveniently be used as it would 
necessitate changing their position during the cut, a most deli- 
cate operation with results usually unsatisfactory if a true surface 
is required. When the work has considerable thickness, small 
lugs or flanges can be cast on the edges for holding the clamp 
point and in some cases a drilled hole in the edge of the work 
can be made to receive the point of the clamp. In cases where 
these methods are not convenient, the work can be held in the 
manner shown in Fig. 422. Two forms of post are shown in. 
this figure, the one a plain pin to fit neatly in the round holes in 
the table and the other with rectangular base and tongue to fit 
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the T“Slots. A common set screw with cone i)oint fits any of 
the tapi:)e<l holes in the post, the lieight of these holes varying to 
suit the thickness of the work and length of finger used. The 
fingers are cupped to receive the point <.)f the screw and the work 
end pointed to engage a prick-|.)unch hole in the side of the work 
or preferably formed fiat as shown in the figure. A suitable post 
to receive the end thrUvSt of the tool must in all cases be set ahead 
of the work, and should be made of steel, preferably a low grade 
of tool steel, to insure .stiffness, and turned to fit neatly the holes 
in the table. . t should extend well into the hole, but should not 
reach high above the table, from two to four inches being ample. 
Idle shorter it is, the less liable it is to get bent. In Fig. 423 is 
shown such a piost. The two holes drilled through it at right 
angles to each other facilitate turning or prying it u]i, when, from 
any cause, it m^y stick too tight in the hole to be pulled out with 
the fingers. 



PLANER AND SHAPER WORK. 


303 


Round work may be held as shown in Figs. 424 and 425. In 
Fig. 424 the bar rests on the edges of the T-slot. In this case 
the edges should be in good condition. It is suitable for bars of 
small diameter only, while with the method shown in Fig. 425 
where a knee plate is used a bar of any diameter can easily be 
held. 

A pair of V-blocks can be used very advantageously for hold- 
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ing round work. These blocks as shown in Fig. 426, should be 
tongued to fit the wards in the table and the V-notches planed 
with the blocks in place. 

A good knee plate is frequently quite necessary in the securing 
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of work on the planer table. The regular knee on the shaper, 
however, serves the pui'pose on that tool. 

On long work the twisting, and deflection due to the weight of 
the work itself, must, where accuracy is required, be taken carefully 
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into consideration. For example, long lathe and planer beds must 
in the machining be handled with great care. Take a lathe bed 
that is to rest upon legs at each end. It should have the seats 
upon which the legs are bolted planed first, the points of sup- 
port being not at the extreme ends but at points about one-£ourtli 
the bed’s length from each end, with wedges so adjusted as not 
to twist the bed in its length. After planing the leg scats the 
bed can be turned over and clamped directly on these seats, the 
bed assuming its natural deflection, in which position the shears 
are planed. 

in securing work in the vise, the pressure of the jaw against 
tbie work should be as uniform along the surface gripped as pos- 
sible. If the surface is .somewhat irregular a soft packing, as 
paper or leather, will equalize the pressure. If there is much 
irregularity, however, it is preferable to cause the vise jaws to 
grip the work at points rather than throughout their entire 
length. For this purpose a wedge or solid block should be used 
between the work and jaw' and located as near the ends of the 
jaws as possilile. AVhen a jaw is tightened onto the work its 
tendency is to lift, causing the work to lift on the movable jaw 
side. For this reason the mova1)le jaw should be fitted nicely to 
its slide with bolts, as previously shown in Fig. 414, for clamping 
it firmly after gripping against the work. Planer vise jaws are 
usually made of cast iron, and a false facing of soft steel secured 
with bolts to these jaws is excellent when finished surfaces are 
to be gripped between them. It is impoidant for nice work to 
keep the vise jaws in good condition. 

• The leveling and squaring up of work on the planer table is 
important. If the work has been laid out or some of its surfaces 
previously machined, the surface gauge will be used in bringing 
these lines or surfaces parallel with the table. If a line on the 
work is to be set parallel with the line of motion of the table, the 
surface gauge needle point will be adjusted to the line at one end 
with the base of the gauge against the side of the shder. Tlie 
talile is then moved under the cross rail and the other end of the 
line brought to coincide with the point of the needle. Another 
method is to square up from lines that have previously been 
planed with a fine sharp-pointed tool in the top surface of the 
table, and with the caliper divider caliper from the blade of the 
square to each end of the line on the work ; or, if this line is not 
too far from the edge of the planer table,, the calipering may be 
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from the line to a straight edge placed against the side of the 
^vork table. When the line on the work surface is to be set at 
right angles to the length of the bed, the work is brought close 
np to the cross rail and the line adjusted to the surface gauge 
needle point, with the base of the gauge resting against the face 
■of the cross rail; or, as in the other case, the caliper divider with 
a. straight edge placed against the face of the cross rail can be 
xised. 

In the manipulation of the planer and shaper the beginner 
•should keep a few points closely in mind. All planers and geared 
.shapers do not have a fixed length of stroke, the depth of the cut 
-and the speed of the countershaft affecting slightly the points at 
which reversals take place. Some allowance must therefore be 
■made for the overtravel of the tool. An excessive amount of over- 
■travel, however, means a large loss of time. Roughing cuts 
-should be as heavy and at as coarse feeds as the machine will 
•conveniently handle and the strength and character of the work 
will permit. Before planing side surfaces see that the top of the 
tool box is inclined from the work. This allows the tool to swing 
•out and clear the work surface on the return stroke. If it is not 
inclined the point of the tool drags hard on the work surface, and 
.should it be inclined to the wrong side the tool will swing into 
the work, doing much damage. Raising the tool clear of the 
work on the return stroke preserves the cutting edge. Means 
for automatically accomplishing, this are frequently employed. 
Keep the cross rail clamped firmly to the housings when in use 
;and parallel with the table. Before putting in the feed see that 
the feed gear is on the right spindle, as otherwise the tool may 
'Start up or down when it is intended to move across the work. 
As there are usually more ways than one to do every piece of 
work,’ study the way in which it can best be done. The manner 
in which the work is set up, the kind of tools used and the way 
in which they are ground, as well as the efficient handling of the 
machine, all have an important bearing on the quality and amount 
of the work turned out. 



CHAPTER XXII. 

THE SLOTTING MACHINE AND KEY SKATER. 

The slotting machine is illustrated in Fig. 427. It consists? 
primarily of a substantial frame, a tool-carrying ram and a taldcr 
for supporting the work. While the plane of the table is the 
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same as on the shaper, the ram moves in a vertical plane, thus 
adapting it to work in which surfaces at right angles to other 
sur aces are to be machined. The table which is provided with 
feed rotation is mounted upon a slider and this in turn upon a 
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saddle gibbed lo the knee of the machine, thus providing a work 
table that may be rotated or moved to any position in its plane 
relative to the cutting tool and within the capacity limits of the 
machine. 

The slotter is very largely used for the cutting of key ways 
in hubs and the machining of rectangular, circular or irregular 
outlines which cannot readily be done on shaper, lathe or mill- 
ing machine. In Fig. 428 is shown a piece of work well adapted 
to the slotting machine. The surfaces a, b, and c can be ma- 
chined on the slotter more advantageously than on the planer or 



shaper, as the side rests solidly upon the table and the form of the 
slotting tool is adapted to the job. On planer or shaper a knee 
plate must be used to clamp the work to, and an extension tool 
employed. 

The half boxes used on locomotive driving axles as shown in 
Fig. 429 illustrate another slotter job. IT ere the cylindrical bear- 
ing surface is machined by placing the work concentidc with 
the work table. The table is so placed with reference to the tool 
that the necessary amount of i-otation can be obtained without 
interfering with the tool or head. After each downward or cut- 
ting stroke the table is automatically rotated the necessary amount . 
of feed for the next cut. By using a fine feed and a properly 
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formed cutting edge on the tool very smooth true surfaces result. 
Connecting-rod ends and crank eyes are advantageously ma- 
chined on the slotter. 

The tools for the slotter are either forged on the end of heavy 
square bars of steel or inserted in steel bars of either square or 
round section. When forged the tool is usually of the form 
shown in Fig. 430. The cutting angles are the reverse of those 
of lathe and planer tools. The end angle turns the chip and is 
the angle of rake with x as the .angle of clearance. As with 
planer tools the angle of clearance should be small . in order to 
prevent the tool from chattering and digging into the work. The 



angle of rake y should be as great as the hardness of the metal 
operated upon will permit. 

For squaring out corners a tool similar to the diamond point 
is usually used. By properly indexing the rotating table spur and 
internal gear may be cut on the slotter,’ using a cutter of the cor- 
rect tooth space outline. 

The key seater is an outgrowth from the slotting machine, 
and although designed for cutting key ways only, will, when 
provided with suitable attachments, perform various classes of 
slotting machine work. A standard key seater is shown in Fig. 
431. A cutter bar is operated by a crank motion in the base of 
the machine, similar to the drive on a slotting machine. The 
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and the bar in which it is held in Fig. 433. These cutters are 
ground from the bottom only and should be kept sharp. The 
work is centered to the bore by suitable bushings. The feed screw 
is graduated to thousands and provided with a stop nut, which 
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enables any number of bores of the same diameter to be key- 
wayed to the same depth. 

For a great deal of special work a cutter bar of rectangular 
section can be conveniently used. In such a case the width of the 
cutter should exceed the thickness of the bar which allows the 
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cutter to work out square corners. For the cutting of external 
key-ways in short shafts and spiders the key-seater is excellently 
adapted. 

For the key-seating of very large, heavy work portable key- 
seaters are used. In Fig. 434 is shown a Morton portable ma- 
chine operating on a large pulley. These tools are made in four 
;sizes, ranging from 24 to 72 inch stroke. They are virtually 
<draw stroke shapers without columns. They are operated either 
]by a rope transmission or electrically, a motor in the latter case 
being attached directly to the machine. 


CHAPTER XXIII. 


MILLING MACHINES. 

The milling machine and its great popularity are due to the 
peculiar adaptability of the rotating cutter to the machining ot 
plane and irregular surfaces on such a wide variety of work.. 
The variety of work that the milling machine is capable of per- 
forming is much greater than can ordinarily be accomplished on. 
the planer or shaper. In thoroughly familiarizing himself with, 
these machines the mechanic has much more to learn as to set- 
tings and manipulation in the milling machine than in the planer 
and shaper. With the latter machines, however, more skill is- 
required in the manipulation for the production of accurate work 
than with the former.’ This arises from the fact that on the 
planer all measurements must be separately made, inasmuch as- 
the cutting tool generates the profile of the work by a series o£ 
parallel cuts, all changes in plane of the profile requiring sepa- 
rate adjustments and measurements. With the milling machine^ 
however, the cutter is so formed as to generate the full profile of 
the work surface as the cutter advances, setting measurementsi 
alone being necessary. With the planing machines the accuracy 
of the work depends very largely upon the personal skill of the 
operator, while with the milling machine the accuracy of the 
cutting tool has much to do with the quality of the work. With 
the milling cutter and the work once set, the accuracy with 
which a certain work-surface profile can be produced upon one 
or more pieces depends wholly upon the wear on the cutting: 
edges of the cutter. As the cutters are usually formed with a. 
number of teeth, the work is divided up among these teeth, re- 
ducing the wear upon them. This is not only because each unit 
of length of each tooth performs only a small portion of the 
total work as compared with the cutting edge of the planer tool 
of units length, but because that particular portion of the tooth 
is performing work for only a small portion of each revolution,, 
thus giving it an opportunity to cool and recover before each, 
time it comes in contact with the work. 

The advantage of the milling machine over the planer lies very 
largely in its ability to produce, with reasonable accuracy, a large 
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ntiiTiber. of duplicate surfaces, the formed cutter and ‘removal of 
the personal error in the making of measurements by the oper- 
ator being the factors that enable it to produce these results. For 
the producing of many plane surfaces, and especially on work 
that is not to be duplicated, the milling machine possesses no 
advantage over the planer and shaper. Its advantages for certain 
classes of work, however, are great, as illustrated, for example, 
in Fig. 435. This shows a milling gang cutter made up of seven 
cutters and capable of producing at one traverse over the work a 
profile' that, if produced in a planer, would require no less than 
eleven separate measurements, aside from the working out to line 
of the curved portion. It is only after the operator has become 
skilled in its use and thoroughly familiar with its every detail 
that he can appreciate the great capabilities of this class of ma- 
chine tools. 

When used as a manufacturing tool, producing large numbers 
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of duplicate parts, the results obtained from the use of the milling 
machine lies almost wholly in the intelligent selecting of proper 
cutters and fixtures for each special operation and when once set 
does not require highly skilled labor to operate it. When used as 
a jobbing machine, however, the operator should be quick and 
skillful to obtain good results. 

The plain and universal milling machines of the column pat- 
tern are most extensively used for general shop purposes. In 
Fig. 436 is shown a universal machine of this pattern. The col- 
‘ timn and knee resemble somewhat the same parts in the shaper. 

The upper portion of the column carries the spindle and cone^ 
the spindle on all other than the smallest sizes being back-geared 
in precisely the same manner as on the lathe. The outer end of 
the spindle is always supported by a suitable overhanging’ arm. 
The work table is adjustable in and out from the face of the 
I column and vertically, these adjustments being made by screws 
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with operating handles conveniently placed and moving over 
dials graduated to measure the amount of table movement in 
thousandths of an inch. The knee is gibhed to the face of the 
column and, in the universal machine, the work table is gibbed 
in a swing frame which pivots to a slider which in turn is gibbed 
to the upper face of the knee. Through the office of the swing 
frame the table can be set at an angle from its right-angle posi- 
tion with the cutter spindle. In some machines the talile can 
be carried through a complete revolution, while with others 
the range is limited. The table is provided with a longitudinal 
feed automatically operated in either direction. An automatic 
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in-and-out and up-and-down feed may also be applied when de- 
sired. The feed mechanisms are so designed as to, give a wide 
range of feeds. The universal head, to be described hereafter, may 
be geared with the longitudinal feed screw for the cutting of 
spirals. The plain milling machines of the column pattern are 
similar in design to the one shown in Fig. 437. In this type of 
machine the work table is gibbed directly to the slider and its 
line of travel i-'estrained entirely to one at right angles to the 
spindle. The universal head and tailstock of the universal type 
are omitted, plain dividing centers usually being used on these 
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machines. The work table is somewhat larger on the plain than 
on like sizes of the universal machine. The plain machines are 
preferable for plain milling work, as they are somewhat more 
rigid and simpler in construction. 

For tool room work the universal column pattern machine 
stands at the front. As proliably more than 95 per cent of the 
milling work outside of the tool room is plain milling, we find the 
plain machine much in favor for general work. Although the 
column jiattern is generally conceded as the projicr style oE design 
for the universal machines, such is not always the case for plain 



FIG. 437, 


machines, inasmuch as a great part of the plain milling runs into 
larger and heavier work. We therefore find plain milling 
machines built along entirely different lines, especially when used 
for the plainest and heavier classes of work. In Fig. 438 is 
shown a form of plain machine commonly known as the Lincoln 
pattern. It is an exceedingly simple form of machine, yet very 
efficient on certain classes of work. The outboard support, for 
the spindle, together with the form of the bed, makes a rigid ma- 
chine. The ckiving cone is mounted on the bacfk side of the main 
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Upright, driving the spindle through a pinion and gear connec- 
tion. As the vertical adjustment is in the spindle itself instead of 
in the work table, a suitable tightener is employed for keeping the 
belt tensions correct for all positions of the spindle. The work 
table is given the usual automatic feed under the spindle and 
suitable lateral hand adjustment. In Fig. 439 is shown a form 
of plain milling machines somewhat similar in appearance to the 
one shown in Fig. 438. The design, however, provides for a 
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larger work table and the machine shown has two heads, making 
what is usually termed a duplex miller. Machines of this class 
are well suited not only to the use of plain or axial cutters, but 
to the radial or end cutter. Thus on the double-head machine of 
Fig. 439 two radial cutters may be used at the same time on oppo- 
•site sides of work secured to the table; or one axial cutter can ma- 
chine the upper surface while a radial is working on the side. 
Fig. 440 illustrates what is known as a slabbing milling ma- 
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chine. It resembles in appearance a planer, is a massive, power- 
ful machine, and in the form shown carries a large slabbing 
cutter for removing heavy cuts at coarse feeds from the work. 
These machines are also provided with horizontal spindles which 
can be operated with or independently of the vertical spindles. 
In this case the horizontal spindle bearings are carried on the 
front faces of the housings. The vertical spindles usually carry 
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radial mills. The advantage of the radial mill over the axial 
cutter lies in the fact that in forcing it to its cut the pressure is 
mostly in*' the dii'ection of the line of the feed and not at right 
angles to the surface being machined, thus overcoming most of 
the springing in the work that occurs or tends to occur in the use 
of the axial cutter.' The radial cutter, however, does not leave as- 
smooth a surface as the axial, but this disadvantage is, on a great 
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deal of work, more than overbalanced by the greater accuracy 
obtained. 

In Fig. 441 is shown a well-known vertical milling machine 
intended for such general work as can be more advantageously 
performed by a cutter operated in a vertical spindle than by one 
on the horizontal spindle pattern machines. This machine in 
many respects resembles the regular column pattern machines 
with the column carried upward and out over the table an 
amount sufficient to bring the spindle into the vertical position. 



The vertical spindle brings the cutter more directly under the 
sight and control of the operator than when cutters of the radial 
class are used in' the horizontal spindle machines. This type of 
machine also has the advantage of a circular feed by which a 
circular table, upon which work is placed, may be given a rotary 
motion. Thus a class of work may be performed that would 
"'Otherwise require the use of formed tools in the lathe, and it 
can be done more quickly than in the lathe. 

Another form of vertical spindle milling machine is shown in 
Fig. 442. This machine is designed for longer and heavier 
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work than the one last mentioned. The spindles are carried on 
a radial arm, thus providing a cross adjustment to the spindle 
rather than the table. 

In Fig. 443 is shown a pattern of vertical milling machine, 
more commonly known as a die sinking machine and used for 
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recessing of circular or irregular shapes, as dies for drop press^^^ 
The work to be operated upon is held in a vise, which may fec 
moved in all directions by means of compound table slides. The 
knee is adjusted vertically by the screw and large hand wheeF 
Bhown, Cutters of small diameter are used and the belted 
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Spindle drive gives a smooth steady motion to the cutter. Where 
a number of similar pieces are to be operated upon a pattern 
is usually used for guiding the work to the cutter. 

For the milling of very, light pieces, as sewing machine or 
:gun parts, for example, a light lever feed machine is much more 
convenient than the heavier pattern tools. The speeds, are bet- 
ter adapted for the small diameter of cutters used and the quick 
table movement makes it possible to turn work out very rapidly. 
A machine of this character is shown in Fig. 444. 

The feed mechanism differs quite widely on machines by 
clifferent builders up to the point of the connection with the 
work table. At this point one of two systems is invariably used 
— the screw or the rack feed. With only a few exceptions the 
:screw feed is used on the plain and universal machines of the 
column pattern. On the heavy slabbing and duplex machines 
the rack feed is usually employ- 
<ed. The rack feed furnishes the 
ibest form for a quick movement 
of the table, but possesses the 
disadvantage of allowing the 
table and work to draw under 
the cutter in cases of accident or 
carelessness on the part of the 
'Operator. With the screw feed 
the table can be moved only by 
the rotating of the screw. A 
quick-geared return to the table 
is usually applied to the screw-feed machines. 

The work table is provided with T-slots for holding the 
clamping bolts and fixtures. The table is gibbed to the bed 
to prevent lifting and usually moves in flat or angular guides. 
The overhanging arm is usually made of the style shown in Fig. 
.436, which enables it to be used to receive and support the several 
tspecial attachments made to be used in connection with ma- 
chines of the column pattern. Suitable ties are now furnished 
whh most makes of milling machines connecting the outer end 
•of the overhanging arm with the knee, which adds much to the 
•rigidity of the table and spindle when heavy cuts are being 
taken. 

A comparatively wide range of feeds to the table of the 
milling machine is considered quite important and especially 
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SO on the back-geared machines where the variation of the size 
and speed of cutters is considerable. This range of feed is 
usually accomplished by means of stepped pulleys, gearing, or 
a combination of the two. Thus a pair of four-step pulleys will 
give four changes of speed and if these pulleys are of di:fferent 
sizes, by transposing them on their spindles four more changes 
may be obtained. 

The power of the feed mechanism must be sufficient to pull 
the feeds under all conditions, and convenient in changing from 
one rate of feed to another. The importance of being able ta 
make quick changes may be illustrated in the case of large dia- 
meter end or radial milling cutters operating upon wide work. 
The rate of feed on entering and leaving the work can be ma- 
terially greater than when the cut is operating on the full width 
of the work. If the cuts are comparatively short the time saved 
by entering and leaving the work on quicker feed is of material 
importance. 

On machines other than the smaller sizes, automatic in and 
out and vertical power feeds are usually provided. 

The all-gear feed mechanism used on the , Cincinnati milling 
machines is shown in detail in Figs. 445 A and B and 446 A 
and B. By means of the sliding g'ear in the upper gear box^, 
two changes of speed are given to the vertical shaft for each 
speed of the spindle. The vertical shaft through the pair of 
lower bevel gears drives the two feed gears which in turn drive 
the two feed cones which run loose and independent of each 
other on their shaft. The large feed gear meshes with the small 
gear on one cone and the small gear meshes with the large gear 
on the other cone. 

The intermediate gear by means of a suitable mechanism 
may be made to gear with any one of the cone gears, thus giv- 
ing a wide range of feed changes'.' In changing feeds the upper 
lever, 446 A, is placed in the extreme left-hand position. This 
throws the intermediate gear. Fig. 446 B, back an amount suf- 
ficient to clear the cone gears. By placing the lower lever in 
position indicated for the desired feed, the intermediate gear 
will be placed opposite the proper gear on the cone. 

Moving the upper lever to the right engages the gears. The 
variations in the rate of feed obtained give nearly a uniform 
progression. 

The dividing or universal head is the part of the universal 
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machine with which the beginner usually has the most trouble 
in familiarizing himself. A dividing or indexing head in its 
simple form, and as usually used on the plain milling machine, 
is shown in Fig. 447. With the tailstock shown it comprises 
what is commonly known as a pair of index centers. Suitable 
lugs on the bottom fit neatly in the neck of the T slots in the 
work table, thus preserving the alignment of head and tail spin- 
dles. The head spindle is capable of rotation only. It carries 
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a worm gear which is operated by the worm and crank shown. 
The ratio between worm and gear is, on all indexing heads, 
one to forty. In the one illustrated there are 8o teeth in the 
gear and a double thread on the worm. It is therefore neces- 
sary to make 40 turns of the crank and worm to make one turn 
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of the gear and spindle. The crank moves over, a carefully- 
divided dial which is secured to the head. A small pin, ad- 
justable radially in the crank, may be set to engage in the holes 
of any of the circles. As it is not desirable to have the index 
plates too large in diameter or the holes too small, several 
plates are necessary in order to get the range of divisions us- 
ually required. With the one shown three plates are finished, 
making all divisions up to 50, all even divisions to loo, with 
many of the uneven divisions between 50 and 100, and many 
even and uneven divisions above 100. The sector serves to 
assist in counting the number of spaces between the holes and 
can be adjusted to include any desired number of spaces between 
its two radial arms. 

As much of the' miscellr.neous dividing work done on an 



index head is for 2, 3, 4, 6, 8, 12 and 24 parts, a more rapid 
means of obtaining these divisions than *by turning the worm 
is frequently applied. In the centers shown, there arc 24 holes, 
equally spaced, in the face of the worm gear, with a sit])stantial 
pin arranged to engage in them. When dividing by these holes 
the worm is dropped out of mesh with the gear. 

The universal head is a more complicated piece oi mechan- 
ism. In Fig. 448 are shown side and end sectional views of the 
Brown & Sharpe universal dividing head. A side view is shown 
in Fig. 449. The worm gear B is attached to the spindle, and a 
side shaft carries the worm A. 

The spindle head is mounted in a suitable housing and can 
be elevated through an angle of 90 degrees and firmly clamped 
in any position. The spindle may also be depressed through a 
few degrees. The universal head, as made by some builders is 
capable of spindle settings at any angle within o and 180 degrees. 

* When used for plain indexing the worm can be disengaged 
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from the spindle gear and the required division obtained by 
means of the index plate C, which is locked in position by the 
pin D. As only a limited number of divisions ' can conveniently 
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be obtained in this way, the usual method is by means of the 
regular index plate I. 

The crank J is secured to the worm shaft, and the sector S is 
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held by a spring between the dividing plate and the crank witIV 
jhst enough friction to keep it in position when set. 

The sleeve to which the index plate I is secured, carries a 
gear on its inner end which meshes with another gear on the 
axis R and about which the head rotates in setting to different 
angles. This latter gear meshes with a third gear on the same 
axis and secured to the upper of a pair of spiral gears, which 
transmit the motion from the train of gears leading from the 
table feed screw. A post may be drawn out from the head and 
caused to engage in a suitable notch in the back of the plate, or, 
in cases where the holes are drilled through the plate, in one of 





the holes. This secures the dividing plate from rotation and divi- 
sions on the spindle are obtained in the same manner as described 
above. When it is required to rotate the spindle while the work is 
being operated upon by the cutter, as is the case in the cutting of 
spirals, a geared combination between the worm spindle and the 
table feed mechanism becomes necessary. 

The milling machine is capable of receiving a large variety of 
attachments for performing special operations, or regular opera- 
tions with greater facility than can be had with the machine in 
its standard form. 

The vise is a regular attachment on all universal machines 
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and plain machines of the column pattern. It is of two standard 
forms ; plain, as shown in Fig. 450, and swivel as shown in tFig,. 
.451. The plain vise is provided with tongues to fit the wards ini 
the work table and can be readily set with the jaws parallel with, 
or at right angles to the spindle. It cannot, however, be con- 
veniently set at any other angle. The swivel vise has a gradu- 
ated base resting on a plate which is tongued and bolted to the 
wards in the table. The swivel vise is very convenient for angu- 
lar milling. A special tilting vise shown in Fig. 452 is, Witli its 
tilting jaws and swivel base, ‘well adapted to the milling of a 
large variety of angular surfaces. In all milling machine vises 
the movable jaw is accurately fitted and gibbed to the body, and 
the jaw faces, which are usually made of soft steel, are secured 
to the jaws by means of screws. The surface of -the jaw faces 
should be kept true and smooth, as they will then hold finished 
work surfaces true for the cut and without injury to the work.* 
Exti'a jaw faces hardened and with I'oughed surfaces may be 
used for holding forgings, castings and rough work. For the 
holding of special and irregular work special formed jaw faces 
may be substituted for the regular ones. 

As the universal dividing head is a part of the universal 
milling machine, it is not considered as an attachment. The 
plain index head already described under Fig. 447, however, is 
strictly a milling machine attachment. A first-class, three- 
jawed universal chuck fitted to the spindle of the index head is a 
very necessary accessory to the machine, as much of the work' 
to be operated upon can or must be held in the chuck. 

The vertical spindle milling head shown in Fig. 453, when ap- 
plied to the plain or universal machines, converts them into verti- 
cal spindle machines. These heads are supported on the overhang- 
ing arm, and the nose of the spindle bearing. The vertical 
spindle is driven from the main spindle by bevel gears. A 
graduated index enables it to be set at any desired angle from 
the vertical, thus making it possible to mill many angular sur- 
faces with a plain end or shank milling cutter. These attach- 
ments are very convenient for the cutting of T-slots, key seating* 
and profiling, as well as angular work. Another attachment,, 
termed a universal milling attachment, is shown in Fig. 454. 
This has in addition to the vertical spindle an auxiliary one at 
right angles to it and driven from it by means of spiral gears. 
With this auxiliary spindle set parallel with the surface of the 
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work table and its line of travel, it makes a convenient rack cut- 
ting attachment. In connection with the spiral head on the uni- 
versal machines, it can be used to advantage in cutting spirals of 
large spiral angle, as the axis of the cutter can be set to the 
spiral angle instead of the work table. The auxiliary spindle 
can readily be removed when not in use, leaving a simple vertical 
milling attachment. Attachments of this class become of special 
value in shops when the amount of work that can be advantage- 
ously done by vertical milling does not warrant putting in a verti- 
cal milling machine. 

In Fig. 455 is shown a circular milling attachment. It con- 
sists of a circular plate gibbed to a round base and provided with 
a worm gear into which the feed worm meshes. The base clamps 
to the table of the milling machine and the work is secured to 
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the top of the circular table, suitable T-slots being provided for 
the clamp bolts. This attachment is of special value on the verti- 
cal milling machines and in connection with the vertical milling 
attachments on » the column pattern plain and universal machines. 
It may be provided with an automatic feed, which increases 
materially its usefulness where a considerable amount of work 
is to be done on it. This attachment can, when the table is suit- 
ably gibbed to the base, be clamped to a substantial right angle 
knee plate and the faces and periphery of work, as gear blanks, 
pulleys, etc., successfully milled with cutters on the main spindle 
of the machine. For this class of work an attachment similar to 
the one shown in Fig. 456 is best adapted. The construction of 
this attachment is evident. As shown, it is arranged to carry two 
blanks to be operated upon at the same time, the rims being com- 
pletely finished at one rotation of the work. 
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It is frequently desirable to use cutters of small* diameter and 
requiring high rotative speed in the larger sizes of milling ma~ 
chines. As the spindle speeds are altogether too slow for this 
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purpose, high speed milling attachments, one of which is shown 
in Fig. 457, are provided. 

The attachment consists of a frame which fits the front face 
of the column and carries a light spindle for receiving the small 
cutters used. On the inner end of this spindle is a small pinion 
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which meshes with an internal gear screwed on the nose of the 
main spindle. 

A rack-cutting attachment is shown in Fig. 458. A device 
similar to this is necessary when racks of any considerable length 
are to be cut on a milling machine, as the motion of the table in 
line with the spindle is not great, and the distance the cutter can 
be set from the nose of the spindle is also small. With the at- 
tachment shown, the length of the rack section that can be cut 
at one setting is limited by the longitudinal travel of the table. 
In the device shdwn, the frame is securely attached to the front 
face of the column, and the cutter spindle driven by a suitable 
chain of gears. The rack blank is clamped in the special vise 



shown, and the depth and settings for each cut are obtained by 
means of the gi-aduated dials on elevating and longitudinal 
screws. The feed is in and out by hand, or automatically, if the 
machine is provided with automatic lateral feeds. 

The spiral cutting attachment shown in Fig". 455 Js adapted, in 
connection with the plain milling machine, to the cutting of 
spirals. It frequently happens that the amount of spiral milling 
to be done in a shop would not warrant putting in a universal 
machine, and in such cases the attachment shown serves its pur- 
pose admirably. It consists of a circular base, carrymg a suitable 
frame in which a work table is gibbed. The frame is preferably 
detachable from the base, graduated and capable of being clamped 
at any desired angle with the spindle of the machine. The work 
table carries a head and tail stock for supporting the work. The 
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head stock spindle carries at its outer end a bevel gear which 
revolves upon it. The rear face of the bevel gear is provided 
with circles of drilled holes, similar to an index plate. A radial 
arm keyed to the spindle carries a pin which engages in the holes 
of the plate and through which the drive is carried from the 



gears to the spindle. The balance of the gear combination is a 
suitable system of change gears substantially as described in con- 
nection with the universal dividing head. A worm feed operated 
by hand is usually provided on attachments of this class. 

An attachment for the cutting of cams is shown in Fig. 



460. It consists of a base plate A, which can be bolted to 
the work table of the milling machine, and a head stock which 
is mounted on the slide C. C is gibbed to slide in the base 
plate. The head stock carries a spindle with a worm gear 
G on its outer end. The worm S engages the gear and the spin- 
dle is given a slow feed rotation by the pulley P or a crank which 
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can be substituted in its place when power feed is not available. 
R is a small roller mounted on a suitable support which extends 
upward from the base plate. The master cam F, which is of the 
same contour as the required cam, is mounted on the spindle, as 
is also the work. The work table of the milling machine is ad- 
justed vertically and laterally so as to bring the center of the 
roller R and the milling cutter in the same axial line. A weight 
W connected by a rope, over a sheave at the end of the table, 
with the slide C, holds the master cam constantly in contact with 
the roller as the spindle and work are rotated. The master cam 
is usually of the exact, size of the required cam, and" in that case, 
the roller R should be of the same diameter as the milling cut- 
ter. If the master cam is larger or smaller than the required 
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cam, the diameter of the roller, for the same diameter of the 
cutter, must be decreased or increased as the case may be, in 
order that the sum of the- master cam and the roller radii will 
at all points equal the sum of the required cam and the cutter 
radii. For the cutting of cylindrical cams the spindle must stand 
at right angles with the cutter spindle. The attachment is so 
constructed that the spindle head can readily be secured in such a 
position on the slide plate C. 

An oil pump for supplying a lubricant to the cutter and work 
when milling steel can properly come under the head of attach- 
ments. In Fig. 461 is shown such a pump. It is attached to a 
suitable reservoir and driven from an independent countershaft. 

In Fig*. 462 is shown a slotting attachment for the milling 
machine. The guide casting is secured to the overhanging arm 
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at its upper end, and at the lower end is clamped to a yoke casting* 
which is secured to the front face of the column. The guide may 
he set at any angle between o and lo degrees either side of the 
center line. Motion is given the slide by a crank screwed on the 
nose of the spindle. The stroke of the slide can be adjusted to 
any required length between o and 2 inches. The tools, which 
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are provided with J^-inch round shanks, are firmly clamped in 
position. In the use of the attachment both the longitudinal and 
transverse table feeds are available and by means of the gradu- 
ated dials very accurate readings can be made. This attachment 
is , specially ‘valuable in the forming of special tools, jigs, dies and 
templates. 



CHAPTER XXIV. 

MILLINCJ MACHINE CUTTERS. 


The milling- of metallic surfaces rc([uircs a rotating- cutter pro- 
vided with one or more teeth having an edge and temper suited 
to the nature of the material oj)erated upon. As to constriicliom 
milling' cutters may be divided into the two classes — solid and 
inserted tooth. All small and most of the medium-sized cuttei'S 
may be brought under the hrst class, as they are made from a 
single piece of tool steel; hut when the dimensions l)ecome large 
the cost of the steel is an iini)ortaiil point, which, together with 
the I'isks incident to the projier. hardening of such large masses 
of tool steel, warrants the greater expenditure of labor usually 
necessary in the making of inserted tooth cutters. 'Fhe inserted 
tooth cutter has only teeth of tool steel, ‘the core or 1)udy being 
of cast iron or mild steel. 

As to classification, milling cutters naturally fall under four 
heads, as determined l)y the four distinct varieties of work per- 
formed, as follows: Axial- — tliose cutters used for milling i)laiu 
surfaces which are parallel to the axis of rotation of the cutter: 
Radial — those which will mill plane surfaces at right angles to 
the axis; Angular — those used in milling ])lano surfaces at any 
angle other than 90 degrees with tlie axis ; and h'orm cutters, 
used for machining all curved or irregular surfaces. 

In lug. 463 A is shown an axial or ])lain milling cutter, as it is 
usually called. It has teeth on the cylindrical surface only, which, 
when the cutter exceeds aliout one-half inch in thickness, arc 
cut spii'ally, as shown in the figure. When these cutters arc 
less than three-sixteenths of an inch in thicknesKS, tliey arc called 
metal slitting saws, and the sides arc ground slightly dishiugA 
which serves to give the teeth clearance in the grooves they cut. 
This is of much importance when the cut is deep, as is frequently 
the case when using the metal slitting saw. 

■The spiral teeth on these cutters are necessary for the follow-, 
ing reasons. If the teeth are straight, each tooth as it comCvS 
into action would strike square against the work, producing a 
shock and consequent springing of work and cutter arlior; and 
as each tooth leaves the work the sudden release of pressure 
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causes reverse spring*. If the cut is not deep, and only one or 
two teeth cutting at a time this effect will be more marked than 
when a greater number of teeth are in action, and the effect of 
the spring will be clearly shown by the waved and uneven condi- 
tion of the surface produced. If, on the other hand, the teeth are 
arranged spirally they will come into and leave the work gradu- 
ally, thus avoiding shock and, what is very important, give a 
shearing cut. 

Plain milling cutters with nicked teeth, an example of which 




FIG. 463A. 


• FIG. 463B. 


is shown in Fig;. 463 B, are especially adapted for heavy milling. 
The breaking up of the chip by the nicked tooth makes possible a 
very much heavier cut than can be taken with the ordinary form 
of continuous tooth. 

When provided with teeth on their faces, these cutters become 
what arc called radial, face, side or straddle mills. When the 
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teeth are on but one face and the cutters used for straddle work, 
they must be cut right and left, as otherwise one cutter would run 
backward. The cutter shown in Fig. 464 can be run in either 
direction, as it has teeth on both faces, and constitutes the form 
usually used. These cutters, when worked in pairs, and esjie- 
cially for shoulder work, as shown in Fig. 465, should be care- 
fully ground to the same diameter. 
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The end or shank milling cutter shown in Fig. 466 is virtual- 
ly a radial mill of small diameter provided with its own inde- 
pendent shank. These cutters are seldom made larger than 
inches in diameter. Their form permits the small diameters, 
which are so necessary in much of the fine milling work. These 
cutters are made right and left handed, and frequently the teeth 
on the circumference are cut spirally, as shown, straight teeth, 
however, being most used. The advantage of the spiral tooth for 
the end mill when used as an axial cutter arises from the de- 
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creased shock and vibration due to the steady shearing cut, 
which reduces the tendency of the tool to jar loose in the spin- 
dle or collet bearing. The direction of the spiral must be such 
that the end thrust of the cutting pressure tends to force the 
shank into, rather than draw it out, of its bearing. In a right- 
hand mill the angle of the spiral would be left-handed. 

If it is desired to mill a slot with the end of the shank cutter, 
shown in Fig. 466, which does not start at the edge of the work, 
a hole must be drilled into the work of a diameter at least equal 
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to the diameter of the space without teeth- in the end of the cutter, 
as otherwise the cutter could be made to enter only a depth 
equal to the depth of this space, and could not then be moved 
along the work. A form of cutter shown in Fig. 467 overcomes 
this difficulty, as the inner ends of the radial teeth are provided 
with cutting edges, which enables them to cut their way out when 
moved along the work. The length of these cutting edges limits, 
however,' the depth to which the cutter may be made to enter 
the work at any one setting. In this form of cutter a smaller 
number of teeth must be used. The end mill may be placed 
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under either of the two first classes, as it may be used for ma- 
chining surfaces which are either parallel with or at right angles 
to the axis of rotation. 

The standard T-slot cutter is shown in Fig. 468. This tool is 
used in cutting the slots, a section of which is shown in Fig. 469, 
the central portion of the slot having been previously removed. 
In the cutter shown, alternate teeth cut on the inner and outer 
edges. These face teeth, however, have little work to do, and are 





PIG. 468. 


on some cutters omitted, the faces being ground slightl,v dishing, 
to provide the necessary clearance. T-slot cuttci\s arc made [-32 
of an inch over size in diameter, to allow for grinding. They 
are usually made left-hand, as shown in the hgure. 

In Fig. 470 is shown an angular cutter. These cutters are us- 
ually provided with face teeth, as shown in the figure. For 
straight work the face teeth may be omitted, the face being 
ground slightly concave. When the character of the work re- 
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quires the cutter to be used as an end mill, a threaded hole is 
substituted for the plain one and the cutter held on the end of a 
suitable screw arbor. These cutters arc regularly made with 
40, 45, 50, 60, 70 or 80 degree angles, either right or left-handed. 

In air of the cutters above referred to, the teeth are sharpened 
by grinding from their top edges, and since the surfaces milled 
are either planes or warped planes, the contour of the surface 
milled is not changed by so grinding/the cutter. In form mill- 



340 


MODERN MACHINE SHOP TOOLS. 


ing, however, the teeth, if so ground, would lose their outline 
and would therefore not produce correct work after -being sharp- 
ened. This difficulty is overcome by the use of the formed cut- 
ter, an example of which is shown in Fig. 471. This cutter is 
sharpened by grinding from the front face, A, of each tooth. 
The cross-section of each tooth is the same from front to back 
faces. The back face, B, being somewhat nearer the center of 
the cutter than face A, provides the necessary tooth clearance. 
The sharpening of this cutter simply reduces slightly its diam- 
eter, which has no effect on the contour of the machined surface, 
the cutter being* adjusted for depth after each grinding. 

The original application of this method of forming the teeth 
was on gear cutters, but it has since been adapted to nearly all 



classes of irregular outline cutters used for form milling. Fig. 
/j72 shows at A a new gear cutter and at B a similar cutter, which 
has finished complete, at one cut in cast iron, gear teeth aggre- 
gating a total length of 7,472 feet, the necessary grinding to keep 
the cutter in proper working condition having reduced the teeth 
to the shape shown in the figure. The last tooth cut was, how- 
ever, rjuite as accurate in form as the first. 

In Fig. 473 is shown a group of formed milling cutters. The 
names of these cutters, as given below, refer to the special class 
of work each is designed to perform. A is a sprocket wheel 
cutler; B, cutter for fluting reamers ; C, for grooving taps ; D‘, for 
cuthng twist drills; E, circular cornering cutter; F, concave cut- 
ter, and ( 1 , a convex cutter. The hob cutter, Fig. 474, used for 
culling tin* teeth of worm gears, has formed teeth. Angular cut- 
ters with Formed teeth, Fig. 475, are now quite extensively used. 
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cutters may be made from the first milling cutter it produces. 
These cutters are made on the end of a bar of steel and are as 
thin at the cutting end as strength will permit their being made. 

Take, for example, the gear cutter A, Fig. 472. It is first 
blanked to nearly the exact dimensions, the spaces which separ- 
ate the teeth cut and the blank secured on a rigid arbor, which 
is driven in a special machine at a slow rate of rotation. In 
front of the blank is mounted the outlining cutter in such a man- 
ner that it is given a small in-and-out motion once per revolu- 
tion for every tooth to be cut. When the cutter begins to cut 
at the face A, it is farthest from the center of the blank, and as 
the tooth advances to the face B, the cutter moves toward 
center, thus cutting the tooth deeper at B than at A. While the 
blank is turning through the space to the next tooth, the cutter 
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backs quickly to its outer position and repeats* its motion for each 
tooth, until all are properly formed. 

Relieved tooth cutters are made from solid stock as large as 
seven inches in diameter and six inches in length. It is usual 
to make these large cutters in sections, as shown in Fig. 476. 
Such combinations of cutters arc termed gang mills, and may 
frequently be made up largely of standard cutters. In the one 
shown, only the middle section is a formed cutter, the balance 
being regular stock cutters. 

What is known as the fly cutter is the simplest of the formed 
mills, and makes a cutter well adapted to small jobs of special 
work, where the expense of a regular form cutter would not be 
w^arranted. The fly cutter consists of a single tooth mounted 
in an arbor. In making the cutting tooth the stock is set slightly 
back from the center, and is then turned in a lathe to the desired 
outline, tenq^ered and reset in the arbor, this time with a liner 
behind it, which throws it forward until the front face conies 
radial, and gives the tooth the desired clearance. 
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As already indicated, the inserted tooth is virtually the only 
practical method of making very large milling cutters. The prin- 
cipal difference in cutters of this class lies in the form of tooth 
and the method of securing it in the head. Inserted tooth cut- 
ters necessarily have fewer teeth per inch of circumference than 
solid cutters. This, however, is considered by many as an ad- 
vantage. It certainly is on some classes of work, as when too 
many are used the cut per tooth is too fine, the metal being 
scraped rather than cut away, which produces excessive friction 
with a tendency to glaze the surface and rapidly dull the cutter. 

In Fig. 477 is shown a form of axial milling cutter, .which is 
used for lieavy slabbing work. It is made in any required size 
and constitutes a very efficient tool for heavy work. The teeth 
arc round pieces of tempered steel driven firmly into the soft 
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core, and then ground in place. It is found that cutters of this 
class (U» smoother and l.)etter work 'when the teeth are irregu- 
larly spaced. A radial mill constructed along these same lines 
is shown in lug. 478. Here the teeth are held in position by set 
screws, and may be adjusted out when much worn. A plain 
disk may be substituted for the armed head, the set screws put 
in the l)ack and more cutters used if desired. The cutting edges 
of the teeth should project beyond the circumference as well as 
the face of the disk. 1 Cutters of this character arc frequently 
made of very large diameter. 

1ng. 479 illustrates an inserted tooth plain mill, in which the 
teeth are nicked. The teeth arc arranged spirally, and the 
method of securing them in the head is apparent. The makers 
of this cutter also make plain solid milling cutters with the divided 
tooth. 

Fig. 480 shows a pair of mills, quite similar in construction, in 
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which the tapered pins sjM'ead the stock an amount sufKcieiit to 
grip firmly the teeth. In die cutter shown in Fig. 481 the teeth 
are pinched in their seats hy drawing* down with the screws the 




tapered bushings. This cutter is a form of large end mill to be 
carried on a special arbor. In Fig. 482 i.s shown a shell end mill- 
ing cutter, iuul mills larger than inches diameter are made 
in this form with either straight ur spiral teeth. The hole is 
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parallel, the drive coming on a key which engages the keyway cut 
across the butt of the mill. 

The inserted tooth is well adapted for use in cutters that must 
be kept up to fixed dimensions, as the teeth when dull can be 
set out and reground to the exact required dimensions. 

When in radial cutters of the class shown in Fig. 464 a fixed 
thickness must be maintained, they are made as shown in Fig. 483 
and known as interlocking cutters. After each grinding it is 
necessary to put thin washers between the sections to make up for 
the reduction in thickness, due to the grinding. With large 
built-up cutters, interlocking sections are generally used where 
fixed widths must be maintained. 

The diameter of a milling cutter should be as 'small as the 
work will permit. The small cutter requires less power to drive 
it, cuts smoother, keeps sharp longer, makes its cut on a shorter 
length of feed than a large cutter, and is lower in first cost. 
Plain or axial cutters can usually be of small diameter as the cut 
is seldom deep, and the surface machined requires length rather 
than diameter of cutter. This is, however, reversed in the face 
or radial mill, where the diameter of cutter depends entirely 
on the width of the surface to be milled. 

Milling cutters are usually made with the front faces of the 
teeth radial, thus giving no angle of rake. The angle of clear- 
ance should be about 3 degrees ; the width of the top of the tooth 
being, before the first grinding, from .02 to .04 of an inch wide. 

Too much stress cannot be laid on the importance of keeping 
milling cutters sharp, and especially the formed cutters. When ' 
a cutter starts to dull it begins to crush and remove by abrasion 
rather than cut the stock. This produces excessive friction be- 
_ tween the teeth and work, and unless the cutter is ground 
promptly, its edges will be entirely lost. In the case of a formed 
cutter, when dull, a few revolutions will often so badly snub 
the teeth that a fourth or even more of each tooth will be ground 
away before their perfect section is reached. This is a tedious 
process, and unless great care is exercised is very apt to result 
in destroying the temper on one or more of the teeth. 

The grinding of formed cutters requires an emery wheel of 
thin, dished section with a straight face at the edge. The tendency 
is to grind too much from the outer part of the tootli face, 
thus making a negative rake angle and poor cutting teeth. For 
grinding the ordinary form of tooth, a thin wheel of quite large 
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diameter should be used. If the diameter is small the top of the 
tooth will be ground concave to such an extent that the cutting 
edge will be materially weakened. By so mounting the wheel 
that its axis is not parallel with that of the cutter it will grind 
the top of the tooth flat. This is not ordinarily done, however. 
The emei'y wheel used for this purpose should be a free cutting 
one, and not too fine, as a fine wheel glazes and burns the delicate 
edge of the tooth. Its grinding face should be thin, and the 
emery about No. 8o. 

Milling cutters are driven from the machine spindle in three 
ways. Large cutters are frequently threaded directly to the nose 
of the spindle. This constitutes a niOvSt rigid and very satis- 
factory drive. They may also be carried on stub arbors, which 
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are either a part of or separate from the cutter, and lastly, upon 
through arbors, which may be supported on the outer end. 

The small cutters of the end mill class are usually provided 
with a taper shank and a tang for driving, as shown, for example, 
in Fig. 468. The Brown & Sharpe taper of Yz inch per foot is 
the taper usually given the shanks. These shanks fit either di- 
rectly in the spindle bearing of the machine or in the collets which 
serve as reducers. 

In Fig. 484 are shown two examples of milling machine col- 
lets. The one drives from a cang, the other from a flatted collar, 
which engages in a slot cut across the nose of the spindle. These 
collets are quite similar to drill sleeves. 

Examples of stub arbors are shown in Fig. 485. The shell 
end mill arbor shown at A is used to carry cutters of the class 
shown in Fig. 482 with parallel holes. The arbor shown at B 
has a tapered nose and drives the cutter by the key shown. The 
cutter is driven tightly on the nose of the arbor and the flat head 
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screw in tlic end prcvcnl.s it from working loose. The nut shown 
runs over .t fine iiitch thread and is usctl for forcing the cutter off. 
Cutlers of the class shown in I'ig. 481 arc usually carried on an 
arhor of this character. fn the case of milling cutters with 
threaded holes, a .screw arhor iiiust he used. If the cutter is of 
small di.amelcr and the work it performs light, a plain threaded 
nose which allows the cutter to screw uj) scgtarely against a 
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shoulder is satisfactory. Tf, however, the cutter is large and its 
work' heavy it will tighten so hard that difficulty is experienced in 
starting it loose. In oases of this kind an arhor similar to the 
one shown in Fig. 48^ is well suited. The cutter screws- onto 
the no^se of the ar])or at A. Ti istfi clntch cojlar which slides on 
the arhor and over a feather key \\ which prevents it from rotat- 
ing. Ii li is a nut which threads over the collar of the arbor. 



In aj^dying the cutter the nut E E is screwed close up to the 
shoulder and the clutch collar slid back as far as possible. The 
cutter is screwed 011 until its face touches the keys C which are 
a part of the collar Ik ddie kc}^ seats in the back face of the 
cutter are ])laced op])osite the keys C C, and the clutch collar 
moved forward engaging the keys. The nut E E is backed up 
against the clutch, holding all parts firmly. In removing the 
cutler it is siniidy necessary to slack the nut and draw back the 
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clutcli, thus leaving the cutter free to turn off. Threaded cut- 
ters, when left-handed should have left-hand threaded holes and 
when right-handed should have right-hand threads in the hole^ 
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as otherwise the pressure of the cut will tend to loosen the cutter 
from its arbor. 

In Fig. 487 is shown a spring chuck collet used on the mill- 
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ing machine for holding small cuttei-s having parallel shanks ; an 
example of such a cutter being shown in Fig. 488. 

Milling machine cutter arbors, an example of which is shown 
in Fig. 489, are fitted to the spindle bearings and driven in the 
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same manner as the collets. The extended portion of the arbor is 
ground cylindrically true and provided with a nut at or near its 
outer end for clamping the cutter between the washers. The 
arbor washers are of assorted lengths in order to accommodate 
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cutlers of dilfcrcnt thickness. When the overhanging arm sup- 
])orls the bar at the end, a suitable bearing is provided on the 
end of the arbor. For supporting the bar midway in its length, 
a collar somewhat larger in diameter than the others fits a suit- 
able bushing in the overhanging arm. Arbor nuts should be 
right or left-handed, depending upon the direction of rotation, as 
a slipping cutter should tend to tighten rather than loosen the 
nut. Cutters of small diameter can usually be driven by the 
friction l)etwecn washers and cutters alone. Larger sizes, how- 
ever, should be keyed to the arbor and for this purpose a spline is 
cut tlie full length of the arbor. 

In putting collets and arbors in their bearings in the spindle, 
both surfaces should be wiped clean and dry and driven snugly 
together. A soft hammer or block of hard wood should always 
be used to drive with. 
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MILLING MACHINE WORK, , 

Dividing a circle into equal parts by means of the plain or 
universal spiral head on the milling machine is known as “index- 
ing.” When the index plate is secured to the spindle as at C, 

■ Fig. 448, and the divisions obtained by rotating the jolate and 
spindle together, it is known as direct indexing. When the 
spindle is rotated by means of suitable geared connections and the 
index plate remains normally stationary the term indirect index- 
ing is usually applied. The indirect method can be classified 
under three heads, simple, compound and differential. 

Since, as shown in Fig. 448, forty turns of the crank J and 
worm A are required to make one turn of the spindle the follow- 
ing rule for simple indirect indexing may be given. Take 40 as 
the numerator and the required number of divisions as the 
denominator, and reduce. Thus, it is required to cut 32 teeth 
in a gear. 40-32, or i 8-32 of one revolution of the crank will 
make one division on the blank. 

The sector should be set to include 8 spaces (9 holes) on the 
32 circle, or 4 spaces on the 16 circle could be used. If 108 teeth 
were rec|uired, then 40-108 = 20-54= 10-27, c>i‘ 10 spaces on the 
27 circle would give the required division. This ratio is not 
affected by multiplying or dividing both numerator and de- 
nominator by the same number. Therefore after reducing as 
low as possible, if that denominator does not correspond to 
the number of holes in any circle available, we can multiply or 
divide it by any number that would give us the proper number, 
also treating the numerator in the same manner. For example, 
25 divisions require 40-25 = i 3-5 turns. We can use auy circle 
divisible by 5, as 20, or 4 times the denominator. Multiplying 
the numerator by 4 also, gives 12 holes in the 20 circle. 

It frequently becomes necessary to divide a circle into a num- 
ber of parts which can not be obtained in the regular manner 
because a circle of the required number of holes is not on the 
index plate. If a circle for making one-half the recjuired di- 
visions is on the plate, every other tooth can be cut; the work 
can then be rotated through one-half of one space and the bal- 



MILLING MACHINE WORK. 


351 










ance of the teeth cut. Thus if 96 teeth are required and no 
circle available, set for cutting 48 teeth, which gives 10 spaces 
in the 12 circle or 15 spaces in the 18 circle. After cutting- once 
around, move the pin through 7^ spaces, and being careful that 
it is not moved, cut partly through on the tooth; stop the ma- 
chine without throwing. out the feed and carefully adjust the 
driver to make up for the space, which brings the pin into 
another hole, and proceed with the cutting as for the first half. 
With care in the adjustment, the error in making- the setting 
will be slight. 

A method of compound indexing can be used to excellent ad- 
vantage for obtaining with the regular plates many divisions 
that may not be had in the regular manner. The application of 
this method requires plates with the holes drilled through, and 
the back pin R, Fig. 448, radially adjustable. The method con- 
sists in indexing forward on the front side of the plate in- the regu- 
lar manner and adding to or subtracting from this movement an- 
other movement indexed from the back side of the plate. From 
tables calculated by W. Gribbons and given complete in “Con- 
struction and Use of Milling Machines,” a treatise published 
by the Brown & Sharpe Mfg. Co. To divide into 91 parts, index 
forward, on the front of the plate, six spaces on the 39 circle; 
then index forward on the back of the plate, 14 spaces on the 

6 14 2 14 98 4- 182 280 40 

49 circle. This gives 1 = 1 = ~ = — 

39 , 49 13 49 637 637 91 


or the equivalent of 40 holes in a 91 circle. If 99 spaces are 
required, index forward 15 spaces on the 27 circle and backward 

U 5 5 5 

5 spaces on the 33 circle. This gives = — = 


27 33 9 33 

165—45 120 40 

or the equivalent of 40 holes in a 99 

297 297 99 

circle. 

For the two cases above given the method is exact. For a 
large number of the divisions practically possible the method is 
approximate. For example, to divide into 212 parts. 34-47 
turns forward plus 6-49 of a turn forward gives 21 1.9995 teeth, 
a division sufficiently accurate for -all. practical purposes. In 
this case the teeth are not successively cut, 17 turns of the work 
being required in which to catch all of the divisions. 
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The above method is unique and will frequently be found of 
great value. Care must be exercised in making the moves, as 
the chances for mistakes arc great, especially so as the back 
plate moves necessitates counting the holes each time, a sector 
not being provided. 

The new method of differential indexing, as applied by the 
Brown & Sharpe Mfg. Co. to all their universal spiral heads, is 
ail exact method which not only overcomes the chances of error 
in the compound method, but is much more convenient. 

The spiral head is shown in Fig. 490, also in sectionah views in 
Fig. 448. Referring to these figures, an extended shaft from 
the spindle carries a gear E, which through the idler D and the 



PIG. 490. 


gear C communicates the motion of the spindle to the gear train 
Fig. 449, connected with the index plate I. When pin P, Fig. 
448, engages a hole in the plate the whole becomes a locked 
mechanism. Withdrawing P unlocks the mechanism and the 
rotation of the crank J, worm A aiid sjiindle causes index plate I 
to rotate cither right or left handed, depending on whether one 
idler, D, or two arc used, and the amount of motion relative to 
the crank is governed l)y tlic gears used. 

If gears E and C are of tlie same dialiicter, one turn of the 
spindle will make one turn of the index plate. This will require 
40 turns of the crank J and as the rotation, tlue to using one 
idler, is in the same direction, the ])in I' has passed a given point 
on the index, l)Ut 39 limes, thus giving 39 as the spacing* uumlier. 
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Had two idlers been used the rotation would have been in oppo- 
site directions and 41 would have been the spacing number inas- 
much as the plate has gained a crank rotation. 

The manufacturers furnish a complete table of change gears 
for dividing all numbers up to 360. Take for example the division 
317 — referring to the table — gear 64 should be used on the worm 
C, and gear 24 on the spindle E, with one idler. The ratio of 
worm to spindle rotation is %%= and as the plate and crank ro- 
tate in the same direction, the spindle loses % of one revolution 
for every 40 revolutions of the crank, or 3 full revolutions in 320 
turns of the crank giving 317 as the number of divisions. Set 
the sector to give turn of the crank, or 3 spaces on the 24 
circle. 

When the recjuired ratio would give gears too large or too 
small in diameters they are compounded, thus keeping diameters 
within reasonable limits. Spirals cannot be cut when the head is 
geared for differential indexing. 

For correct indexing there should be no slack or back lash 
in any of the parts. It is advisable, however, not to carry the 
crank and its pin past the hole, but to bring it up to the hole 
without the necessity of carrying it back, which would serve to 
let any slack affect the accuracy of the division. It is advisable, 
in order to prevent confusion, for the operator always to rotate 
the crank in the same direction, unless there is some special rea- 
son for doing otherwise. 

The radial arms- of the sector are held in position with refer- 
ence to each other, hy friction. In rotating them over the face 
of the plate, always take hold of the arm that strikes the pin, as 
there will then be no danger of changing their relative position 
through striking the pin with considerable force. 

In Fig. 491 is shown an end view of the dividing head, de- 
scribed in Fig. 448, secured on the end of the work table. The 
spindle S carries a spiral gear at its farther end, meshing with 
the upper spiral gear shown in Fig. 449. The gear marked 
^'screw” is keyed to the feed screw and through the compound 
idlers transmits its motion to the gear on worm and through the 
spirals and spur gear connection to the worm and worm gear. 
When the spindle is so geared the post R is disengaged from the 
plate and the worm shaft is driven from the dividing plate through 
the pin P and the crank J. It is obvious that when the feed 
screw is at rest, the plate I is held without the pin R and the re- 
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quired divisions obtained by carrying the crank over the plate in 
the usual manner. 

With all universal machines a table of change gears is pro- 
vided for determining the proper gears to use for producing a 
large number of spirals of different pitch. Any desired pitch of 
spiral can be obtained by making special gears, and a good many 
pitches not given in the table may be produced by other combi- 
nations of the regular gears than those given. The proper g-ear 



for a required spiral pitch may be readily determined from llie 
following considerations. 

The table lead or feed screws usually have four threads per 
inch. Assuming that number, if the gear of the screw had the 
same number of teeth as the one on the spindle S and was geared 
directly with it (that is, sini])le, not compound geared), then 40 
turns of the screw would make 40 turns of the worm and otic 
of the spindle; and as four turns of the screw are required per 
inch of the table motion, the ])itch of the spiral would be to 
inches. If a spiral pitch of 6 inches was re(iuired, 6 x 4 24, 
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the 11 timber of revolutions the screw must make while the work 
rotates through one revolution. Then the ratio 
24 teeth in driven gear 

40 teeth in driving gear 

Put gear with 40 teeth on the screw and gear with 24 teeth on the 
spindle S. It is best when possible to use the simple gearing. If, 
however, the ratio is such that one of the gears would be extremely 
large or small, then the gearing should be compounded. For 
example, required pitch of spiral 32^ inches; 32^2 ^ 4 ^ 130, 
or the revolutions of the screw per revolution of the work 
130 No. teeth in driven gear 

40 No. teeth in driving gear 

As 130 would be a rather large gear and probably not furnished 
with the machine we could reduce the ratio to|-|-, but this would 
also give numbers of teeth not usually 'furnished. It would then 
be necessary to compound. Resolve the ratio into fac- 
tors As these numbers are too low we can multiply both 

numerator and denominator by the same number, and we would 
have, for example, ^ X f = f-g- and x = ff and as 

|-0 X 'll = the ratio we may use gears 40 and 52 as the 
driven gears. Either 20 or 32 can be placed on. the screw and 
the other will be the inside gear on the stud. Either the 40 or 
52 can be put on the worm shaft' S and the other will be the 
outside gear on the stud. If any of the gears called for were 
not found in the regular set, the numbers could be changed by 
treating both numerator and denominator without changing the 
ratio. Thus in the last problem, if the last set did not contain 
a gear of 20 teeth, we could divide both numerator and denomi- 
nator by a common factor and multiply the results by a number 
that would give numbers corresponding to available gears. Thus 
in the ratio -f-g- divide both by 5 = f and multiply both by 6. 
This would give If, which alters the numbers but does not change 
the ratio. In this manner it is usually possible to so manipulate 
the ratios that the exact or a very close approximation to the re- 
quired pitch can b^ obtained with the regular gears. 

The arrangement shown in Fig. 449 gives the proper rotation 
for cutting a right-hand spiral. If a left-hand spiral is required a 
reverse gear must be put into the series. This gear is carried on 
a suitable arm, and the gear marked 40 drives 72 through this 
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gear, thus changing the direction of rotation of the worm shait- 
and spindle. 

In the cutting of all spirals the work table must be set at an 
angle with the cutter’s axis, an amount equal to the spiral angle 
of the work. For equal pitch of spiral this angle varies with the 
diameter of the work; the larger the diameter the greater the 
angle. 

In the cutting of any spiral the pitch of the spiral, the spiral 
angle, the number of teeth and the form of the cutter must be 
known. Having this data, the work is placed between centers 
and the cutter brought over its center. The proper change gears 
for giving the required pitch are adjusted and the table swung 
toward the column the amount of the spiral angle. The rota- 
tion of the spindle must be left-handed for left-handed spirals, 
and right-handed for right-handed spirals, this change in di- 
rection of rotating being obtained by putting in or taking out 
an idle gear in the change gear mechanism. 

The proper rotative speeds and feeds are very important 
as they are the principal factors upon which the output of the 
machine depends. As the toughness and hardness of the difter- 
ent grades of the several metals varies so much, it is impossible 
to lay down any fixed rules to be followed. With cutters other 
than the most delicate the very fine feeds are to be avoided, as 
the cutting edges stand up better under a moderately heavy cut 
than when scraping the metal away. 

^Milling cutters must be kept sharp. As soon as a cutter 
loses its keen cutting edges it dulls very quickly and does not 
produce smooth or accurate surfaces as it springs away from its 
work. A cutter must liot be run backward when against its cut, 
as the teeth are not strong against a backing pressure and are 
apt to be broken off. 

For -the standard carbon steel milling cutters, a surface speed 
of 30 to 40 feet per minute can be maintained on soft machinery 
steel, thoroughly annealed tool steel and wrought iron. In such 
cases, hou'ever, the cutters should be sharp and lubricated with 
screw cutting oil or some good compound. On cast iron cutting- 
speeds of from 40 to 60 feet per minute can be maintained, de- 
pending on the hardness of the iron. On brass a speed of from 
80 to 100 feet per minute is suitable. These speeds may, with 
cutters made of special air hardening steels, be materially in- 
creased. 
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The depth of cut and rate of feed employed are dependent 
upon the hardness of the metal, its strength to resist the cut, 
rigidity with which it is held, and character of finished surface 
required. 

In general finishing cuts with plain axial mills are taken at 
quick speeds and fine feeds. With radial mills finishing* cuts • 
may be taken at coarse feeds, as the character of the cut due to 
the long cutting edge, does not show a weaved or uneven sur- 
face. 

In the case of expensive gangs of cutters, and more especially 
on those where fixed dimensions necessitate great care in grind- 
ing, it is advisable to hold the cutting speed down somewhat. 

The following table will be found convenient for determin- 
ing the proper number o£ revolutions for cutters of different 
diameter to give cutting speeds up to 6o feet per minute. 


TARLl^ OH CUTTING SPEEDS. 


i>t*r 

1 5 ' 

1 

1 15' 1 

20 ' 1 

25' 1 

30' 1 

35' 1 

1 

45 ' 

50' 1 



1 



REVOLUTIONS PER 

MINUTE, 





38. 2 

76.4 

114.6 

152.9 

I9I.I 

229.3 

267.5 

305.7 

344,0 

382.2 

458-7 

30.6 

61.2 

91.8 

122.5 

^ 53-1 

i«3-7 

214.3 

244.9 

275.5 

306.3 

367-5 

H 

25-4 

50.8 

76.3 

IOI.7 

127. 1 

152.5 

I7S.0 

203.4 

228,8 

254.2 

305.1 


21.8 

43-6 

65.5 

S7-3 

109. T 

T3O.9 

152.7 

X74.5 

196.3 

21S.9 

261.9 

I 

1 I 9 -I 

38.2 

57-3 

76.4 

95.5 

114.6 

I33.8 

152.9 

172.0 

193.1 

229.2 


17.0 

34.0 

51.0 

fe.o 

85.0 

102.0 

II9.0 

136.0 

153.0 

170.0 

204.0 


15.3 

30.6 

45.8 

61.2 

76.3 

93.8 

106.9 

122. 5 

137.4 

■ 153.1 

183.6 


13-9 

27,8 

41.7 

55-6 

69-5 

83-3' 

97.2 

I II.l 

125.0 

138.9 

166.S 

iK 

12.7 

254 

38.2 

50.8 

63.71 

76-3 

89.2 

IOI.7 

114,6 

127. 1 

152.4 


1 1.8 

23.5 

35.0 

47.0 

5 «-K 

70.5 

82.2 

93.9 

1 105.7 

117.4 

343.0 


10.9 

21.8 

32.7 

43-6 

54.5 

65.5 

76.4 

« 7.3 

98.2 

109.1 

130.8 


10.2 

20.4 

30.6 

40.7 

50.9 

61. 1 

1 7 L 3 

81.5 

91.9 

ior.9 

122. r 

2 

1 9.6 

19.1 

28.7 

38.2 

47.8 

57.3 

66.9 

76.4 

86.0 

95.5 

1 14. 6 

2^ 

, S .5 

17.0 

254 - 

34.0 

42.4 

51.0 

59.4 

68.0 

76.2 

S5.0 

302.0 

2>^ 

7.6 

15.3 

22.9 

30.6 

38.2 

1 45.8 

: 53.5 

61.2 

68.8 

76.3 

91. 8 

2>V 

1 6.9 

13.9 

20.8 

27.8 

34-7 

41.7 

48.6 

55.6 

62.5 

69.5 

83.4 

3 ^ 

1 6.4 

12.7 

i 9 ‘i 

25.5 

31.8 

38.2 

44.6 

51.0 

57.3 

63.7 

76.5 

3)4 

5.5 

10.9 

16,4 

21.8 

27.3 

32.7 

38. 2 

43-6 

49.1 

54.5 

65.4 

4 

4.8 

96 

4.3 

39.1 

23.9 

28.7 

33.4 

38.2 

43.0 

47.8 

57.3 

4)4 

4.2 

8.5 

12.7 

16.9 

21.2 

25.4 

29.6 

34.0 

38.1 

42.4 

50.7 

5 

3 .S 

7.6 

IL 5 

15-3 

19.1 

22.9 

26.7 

30.6 

34.4 

38.2 

45.9 

p 4 

3.5 

6.9 

10.4 

13-9 

17.4 

20.8 

24.3 

27.8 

3 X -3 

1 34.7 

41.7 

6 

3-2 

6.4 

9.6 

12.7 

15.9 

19. 1 

22.3 

25.5 

28.7 

31.8 

38. 1 

7 

2.7 

5-5 

8.1 

10.9 

13.6 

16.4 

19.1 

21.8 

24.6 

27.3 

32.7 

8 

2.4 

4.8 

7.2 

9.6 

11.9 

14.3 

16.7 

39.1 

21.1 

23.9 

28. 8 

9 

2.1 

■ 4.2 

6.4 

8.5 

10.6 

12.7 

14.9 

17:0 

19.1 > 

21.2 

25.5 

lO 

1.9 

3 .S 

5.7 

7.6 

9.6 

II.5 

13.4 

T5.3 

37.2 

19.1 

22.8 


The smaller milling cutters which are carried on an arbor 
are usually driven by the friction between their faces and the 
arbor collars. They should therefore be rotated in the direction 
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which tends to tighten the arbor nut. With the large cutters 
which are keyed to the arbor the direction of rotation may be 
either way. For a given rotation of the cutter the direction of 
the feed should be such as to force the work against the cutter 
as shown at A, Fig. 492, When the rotation and feed are as 
above indicated, all slack or back lash between the nut and feed 
screw is taken up and the work is forced steadily to its cut. If 
the feed is as shown at B, the cutter tends to drag the work under 
it and as a result any slack whatever allows the work to move 
forward with an unsteady, irregular motion as the feed screw 
rotates. When the feed is as shown at A, the cutter teeth work 
from the bottom up, gifting the hard scale of castings and forg- 
ings rather than cutting down upon it, as is the case when the 



feed is as shown at B. The keen edge of the cutter lasts much 
longer with the feed in the direction indicated at A. The under 
feed indicated at B has been advocated by some, but is generally 
considered as incorrect, as the wear 011 the cutter and the danger 
of accident from the work drawing under is much greater. With 
milling- machines using the rack feed where the work table is held 
only when the feed is in, the most careful workman will some- 
times get into trouble if the under feed B is used. 

W'lien the cutter is operating on the end of the work as 
shown at.D, the feed should be up, as indicated by the arrow; 
if the work was on the other side of the cutter, the feed should 
be down, in this class of milling it is best to feed up, as that 
brings the pressure of the cut down upon the table and tends to 
close the joiiits of the table, saddle and knee, making the cut 
smooth and steady. When the table is to be fed vertically for 
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work as shown at D, the table stops, provided with all milling 
machines, should be used and thus prevent any possibility of the 
work moving in or away from the cutter when correctly set. 
When it is necessary to use both sides of the cutter at the same 
time, as in Fig. 493, the direction of the feed should be, deter- 
mined from a consideration of the amount of stock to be re- 
moved from the sides. If the rotation of the cutter is as indicated 
and the most stock is to be removed from the surface A, then the 
feed should be in the direction shown by the arrow. The cut on 
the upper surface then tends to retard the feed and the cut 
on the lower surface to draw the feed; and since the cut on 
the upper surface is heavier than that on the lower, the re- 
tarding pressure is greater than the drawing, and a smooth, 
steady cut results, with a minimum danger of injury to the 



work and cutter. If the cut was heaviest at the surface B, 
the cutter should be started from the opposite end and the direc- 
tion of the feed reversed. 

Plain surfaces may usually be milled either by the plain 
axial milling cutter or a radial or end mill. The axial cutter 
leaves a smoother surface and is more easily kept in order than 
the radial. The tendency to spning and distort the work is, 
however, greater with the axial cutter, as the pressure of the cut 
is very largely at right angles to the work surface, while with 
the end mill the pressure is almost wholly in the direction of the 
feed. The character of the work usually determines which class 
•of cutter to use. At i and 2, Fig. 494, are shown two ways of 
milling a common hexagon nut. The straddle mills of No. 2 
are radial cutters and, as arranged, finish two surfaces each 
time over the work. An end mill might be used, in which case 
but one surface would be finished at a time. In any case the 
diameter of the mill should be as small as strength and con- 
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venience will permit. An inspection of Fig. 495 shows the 
reason for this. If the portion D E F G of the work is to be 
removed by the cutter, it is evident that the smaller cutter X 




will travel the distance B in completing the cut, while the cutter 
Y must travel the distance A. If the width W of the work is 
small, .the saving in time required for the work by using the 
small cutter Incomes a considerable portion of the total time. 
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The first cost of the smaller cutter is less and the power required 
to drive it also less than with the large cutter. 

In placing cutters on the arbor, the faces of the cutter and 
the arbor collars should be carefully wiped and thus insure a 
true running cutter. As shown in Fig. 496, a small piece of 
cutting or dirt A between the faces, causes a spring in the 
arbor and the cutter will run out of true. When made, the 
faces of these collars are carefully brought parallel with each 
other and, with reasonable care, they can be kept in this condi- 
tion, When, as in 2 and 3, Fig. 494, two cutters are to be 
used for straddle work, it is necessary when the distance between 



A. n 



. FIG. 496. 

the faces of the work is to be of exact dimension, to have collars 
of suitable length. As the regular collars usually make up by 
eighths above one-fourth inch, suitable washers must be pro- 
vided for making up the exact dimension. These may be had 
with parallel faces and varying in thickness by .ooi-inch, thus 
making it possible to obtain any desired dimension between the 
faces of the cutters. When it is required to machine the top 
surface of the work, a plain axial cutter can be u.^ed between 
the straddle mills in place of the collars and washers. 

At 4, Fig. 494, is shown the final operation in the milling of 
a T-slot. The neck of the slot and all the metal possible should 
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be first removed with a plain axial cutter, as in Fig. 497, which 
leaves a minimum amount of work for the more delicate T~slot 
cutter to perform. If- the nature of the work is such that a 
plain cutter cannot be used, the stock can be removed with an 
end mill. In this case, a cutter somewhat smaller in diameter 
than the required width of the neck must be used first, as the 
spring of so small a cutter when taking such a heavy cut would 
cause the work to be untrue. The neck can then be finished to 
exact width by passing a sizing cutter through or by trimming 
each side with a finishing cut with the roughing cutter. The mill- 
ing of a V-slot, 5, Fig. 494, is similar to that of the T-slot, the 
most of the stock preferably being first removed with a plain 
cutter or an ^ end mill. The cutter shown could be used to com- 
plete the work at once, without the use of a stocking cutter as 
it is provided with teeth on its shank. This is not, however, the 



customary method, as the necks of these cutters are not usually 
provided with teeth and the spring of the cutter makes smooth, 
accurate results very hard to obtain. 

At 6, Fig. 494, is illustrated a method of milling the guides 
of a housing. With a cutter of proper thickness and diameter, 
both sides and bottom of the guides are finished at one cut. 
This figure serves to suggest one of many similar operations 
that can be performed with a plain cutter. No. 7, Fig. 494, 
shows how the milling machine can be used for boring and 
facing work. The work is clamped to the table of the machine 
and a short boring bar placed in the spindle bearing. If the 
hole to be^, bored is of considerable length and diameter, the 
outer end of the bar should be formed to fit the bearing of the 
overhanging arm, thus making it firm and capable of producing 
a smooth, true bore. An automatic in-and-out feed is very de- 
sirable for work of this character. It will also be noted that the 
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vertical and lateral adjustments to the work table enable the work 
to be set in any desired position for the boring of parallel holes. 
Take, for example, the piece of work shown in Fig. 498, where 
the two holes are to be bored parallel with each other. The 
work should be first scpared up and the hole A bored; after 
which, by means of the graduated elevating screw, the work can 
be dropped exactly 1 %, inches and by means of the graduated 
feed screw set over the 4^4 inches, which brings the center of 
the hole B into exactly the proper position for boring. In like 
manner any desired number of settings may be obtained quickly 
and with great accuracy. In making setting measurements by 
the use of the graduated screws precaution must be taken to 
avoid the error that might arise from neglecting to consider the 
back lash between the screw and its nut. Thus, if a vertical ad- 
justment is to be made, the table for the first operation should 
be dropped a little too low and brought up to the proper point. 
The index can then be set at zero and the work table raised the 
exact amount required by the graduated screw. If by accident 
the table is raised too high, it should be lowered somewhat below 
the proper point and again brought up to the correct reading. 
This insures against any error arising from the back lash and 
means that in all settings the slack between the nut and screw 
should be kept on the same side. 

A long tool with cutting edge at right angles to the boring 
bar may be used for facing off the end of the work after the 
boring operation. The end next to the spindle can, of course, 
be faced with an end mill if desired, or a facing attachment con- 
sisting of a slide and tool-carrying head can be mounted for 
this purpose on the nose of the spindle or on the boring bar. 
Twist drills and reamers mounted in the spindle of the milling 
machine can frequently be used to very good advantage on 
many classes of work. 

No. 8, Fig. 494, shows the method of keyseating a shaft in 
the milling machine. Where the keyway is not cut the entire 
length of the work, a rounded end is left, which is usually not 
objectionable. If a cutter of small diameter is used the length 
of the rounded end is not great. In cases where the keyway 
must be full depth to the end, an end mill of diameter equal 
to the width of the keyway can be used to finish out the rounded 
end. By placing several shafts together on the table and putting 
as many cutters on the arbor, properly spaced, all keyways may 
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Thk is advantageous where a laig*^ 
be cut at one operation. Hus is aava ^ ^yi.en a 

the diameter of the toothless center of the 

drilled at one tlUo'cat its «ay to the liottom 

rrth'Td .r ^ 



FIG. 500. 


eomnarativelY high rotative speed and should be given a fine 
ieeTas otherevisl the spring is excessive and the '...m.d 

No. 9 , Fig. 494. shows the method of «“*“8 i* ' t, 

nresent example is that of a taper reamer. In this case tlic tc 
Lnter is raised an amount sufficient to give the proper depth of 
m Z each end of the flutes. The cutters usually employed fo. 

* nrl- 'ire soeciallv formed cutters and should be set bO la 
S r: of the Sre/rhat cuts the front face of the tooth sttmds 
on a radial line with the blank being fluted, as shown in Fig. 4Jd. 
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No. 10, Fig. 494, shows the method of cutting spur gears 
in the plain or universal milling machine. One or more of the 
gear blanks are mounted on a mandrel and placed between the 
centers, the gear cutter having lieen previously placed on the 
arbor and the table adjusted in and out so the center of the 
cutter falls in the line of the work centers. The index is set to 
give the correct number of divisions- and the work elevated until 
the rotating cutter just touches the rim of the g'ear blank. The 
graduated dial on the elevating screw is then set to zero, the. 
work moved out from under the cutter and raised an amount 
equal to the required depth of the tooth. Spur gears too large 
to swing between centers can often be cut by placing the index 
head spindle in a vertical position and carrying the blank on a 
vertical mandrel held in the spindle. This places the lilank in 
a horizontal plane and the cutter is set to depth by the table 
feed screw and the work fed to the cutter ])y the vertical feed. 

In Fig. 500 is shown a method of cutting a large spur gear in 
a plain milling machine using a plain dividing head clamped to 
a knee plate. The gear shown is 30 inches in diameter. The 
greatest care must be taken in an operation of this kind as the 
leverage on the spindle of the dividing* head is consideralile and 
the chances of shifting the work great, especially if the cutter 
is a little dull. By previously gashing the work with a plain cut- 
ter, the chances for a true joli are very materially imi)roved. 

Another method of cutting large spur gears in the milljng 
machine is illustrated in Fig. 501. This is known as the under 
cutting method which is accomplished by raising the dividing 
head and tail stock by means of suitable elevating lilocks and 
providing a substantial outer support for the milling arbor. An 
adjustable post in the tail stock raising block can be brought to 
bear against the rim of the blank immediately over the cutter, 
thus taking the cutter -thrust and relieving the centers of this 
strain. 

The fluting of the tap shown at No. ir is similar in all 
respects to the fluting of tlie reamer in No. 9. No. 12 shows the 
method of hobbing a worm gear, the blank having been 
viously gashed. The hob is a cutter of exactly the same 
as the worm that is to mesh with the gear and simnlv 
the teeth, the blank rotating free on the centers. In ga 
teeth of the worm gear before hobliing, it is placed on able the 
drel between centers and the index set for the proper nunloublc 
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teeth. A gear cutter of suitable size to remove most of the stock, 
leaving only enough for the hob to finish, is placed on the arbor 
and brought central with the work. It is then necessary to swivel 
the table an amount C D E, Fig. 502, depending upon the pitch 
and diameter of the worm. The work is then raised to the cut- 
ter the proper amount and dropped for each succeeding cut. 
If the thread of the worm wheel is to be right-handed, the table is 
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swiveled to the right, and to the left if left-handed. For the bob- 
bing, the bed is set back to zero. 

Bevel and miter gears may be cut in either the plain or uni- 
milling machines when equipped with an elevating index 
center teeth so cut are of approximate outline, but suffi- 

cut at eacl^3(>t all ordinary uses. As shown in Fig. 503, the 
this work a;^ jg i-nounted on a suitable mandrel held in the chuck 
the face o^own, fitted to the spindle bearing of the elevating head, 
on a radk^^j ig elevated until the root line of the tooth is 
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parallel with the work table. The proper cutter for the particu- 
lar pitch and number of teeth is placed on the cutter arbor 
and brought central with the work. 

For any pitch the depth and width 
at the outer end of the tooth is the 
same as for spur gears. As the inner 
end of the space is narrower, the cut- 
ters for bevel gears must be thinner 
than for spur gears. The index hav- 
ing been set for the proper number 
of teeth a few center cuts are taken. 

The index pin is then advanced a few 
holes and the work moved out a few 
thousandths from the central position 
and the cutter again passed through 
the spaces already cut. This should remove some of the stock 
from the side of the teeth, taking more at the outer end than at 
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the inner end. The index pin is next carried back double the 
number of holes it was advanced and the work moved in double 
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the amount it had been moved out for the previous cut. This 
throws the cut on the opposite side of the tooth. As there is no 
fixed rule for the amount of these settings, the tooth must be 
measured and if not of proper thickness another trial setting must 
he taken. When the proper settings are found for any particular 
gear, they should be noted for future reference. The center cut 
is then not necessary as the tooth is finished by the two side cuts. 

In Fig. 504 is shown a method of cutting bevel gears in a 
plain milling machine using a plain dividing' head. A spline 
is milled in the face of the knee plate at the proper angle to 
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receive the tongues in the base of the head thus fixing the 
cutting angle. A separate spline must be provided for each 
angle of gear cut. When a large variety of gears, necessitating 
a number of different angles, are to be cut a plain graduated 
plate pivoted to the face of the knee plate and carrying the 
dividing- head gives all angles. Where a graduated swivel base 
vise, as shown in Fig. 451, is available, it can Ijc used to excel- 
lent advantage in cutting the splines in the knee ]:>late at the re- 
quir angle. 

The method of cutting a twist drill in the universal milling 
machine is' illustrated in Fig. 505. The settings are as for 
cutting a spiral gear, with this difference, that the depth of 
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the flute ill a twist drill should be less at the shank end than 
at the point. It is therefore necessary to elevate the point some- 
what. When the flute is to be cut from the very end of the 
blank, the shank must be held in a chuck on the spindle of the 



•itnivcrsal' head, and for the outer end, .supported on a suitable 
steady rest. If, however, the work can > be carried on centers 
and the cutter dropped into its cut as close to the point as pos- 
■silile, better results can usually be olitained ■ with less liability to. 
accident. In this case,' the head spindle can be dropped a few 
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operator. The work table is swung through a small angle indi- 
cated by the line r a, which causes the end mill to cut deeper at 
c than at e, thus clearing the lip, as shown in the end view. 












ii 




FIG. 507. 


FIG. 50S. 


Figs. 507, 508 and 509 show examples of vertical milliiii 
machine work. In Fig. 507 the end mill in the vertical spindl 
b machining spots on the inside surface of a feed bracket cast 
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ing. While this work, if clamped against a knee plate, could 
be done in a horizontal spindle machine with the same cutter, 
it would be much harder to hold and more difficult to get at for 
settings, measurements, etc. In Fig. 508, an angular cutter is 
shown, finishing the bevel face of a round casting, secured to a 
circular milling attachment. This work is done very rapidly and 
the same cutter is used to mill the internal face of the correspond- 
ing ring shown on the work table. 

Frequently where duplicate work is held in the vise and its 
nature will permit, two vises placed side by side will greatly 
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increase the output of the milling machine, as the work can 
be set up in one, while being machined in the other. 

A large portion of the work done in a milling machine is 
held in the vise. Plain base vises as shown in Fig. 450 are- 
provided with tongues which fit the wards in the work table and 
insure correct settings of the vise jaws, either parallel with or 
at right angles to the cutter arbor. With swivel base vises a 
graduation is usually applied with the zeros coincident when 
the jaws are parallel with the cutter arbor. To test the correct- 
ness of the zero setting, remove the collars on the arbor and 
move the table.. so as to bring the upper edge of the jaw at the 
height of the center of the arbor. Move the table longitudinally 
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until the jaw touches the arbor. If the contact is uniform the 
full length of the jaw, the setting is correct. This ]n*e-sui)poses 
a true running arbor. Squaring from the front face of the 
column with an accurate square is equally satisfactory and the 
better method if the arbor is not dead true; For the 90 degree 
position square the jaw from the arbor. 

Vise jaws are nicely finished and made of hard or soft steel, 
the hard jaws being most used. They are so secured that they 
may readily be removed and special jaws applied in their ])lace. 
The faces are at right angles to the work table, which insures 
the milling of the top surface of work at right angles with its 
sides when clamped squarely in the jaws. 

For the holding of round work a special V jaw as shown 



in Fi’g. 510 is well suited. This gives a three line contact be- 
tween work and jaws and prevents the wmrk from tip])ing up 
or down. It also insures, on work of equal diameler,Thc same 
height of setting, a very important condition, which is difficult 
to obtain with certainty when the work is allowed to rest on the 
face of the vise slide, or on a parallel. For much special work, . 
false vise ja^vs can be. used to very excellent advantage as they 
may be formed to irregular contours of cither work or cutter. 

In Fig. 511 is shown an example of heavy gang milling. In 
this case the seats for caps and quarter box cheaks are finished 
at once through. It involves the finishing of five horizontal 
and three vertical surfaces. The gang is made up of four stamF 
ard cutters and one special inserted tooth cutter. ' The diameter 
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of the large cutter determines the rotative speed for the gang. 
On entering and leaving the cut a coarser feed can be employed 
than through the middle of the cut. 

The advantages of milling this piece of work over planing.it, 



FIG. 51 X. 


lie in the possibilities for perfect duplication in the former, as 
well as the time saving ‘element, it being milled in approximately 
one-third the time required for planing. 

In Fig. 512, is shown the stock, false vise jaws in which it is 
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held and gang of cutters for the finishing the tool steel piece 
shown. The stock has had a screw machine operation upon it 
before coming to the milling machine. A suitable stop on one of 
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the jaws locates the work in the vise with reference to the turned 
shoulder. The jaws are hardened with roughed surfaces for 
firmly gripping the stock, and a copious supply of lubricant is 
used on the work and cutter. As the cut is very long and heavy 
for the size of the stock, inch square, it must be very firmly 
held and a fine feed employed. 

In Fig. 513 is illustrated an example of jig milling. In this 
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case the jig consists of a plate secured to the work table of the 
machine and a second plate pivoted to it.. The work which has 
been previously bored and faced on its lower side fits over a 
projection on the upper plate which holds it concentric with the 
pivot. The work is squared up and the face mill machines one 
of the spots. The work is then rotated through 90 degrees, deter- 
mined by a pair of stop pins, and the second spot machined. The 
pair of straddle mills shown are next used to face off the ends 
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of the hub of the upright part. It is possible in this way to 
machine any number of pieces and have them all alike. 

The methods for securing work to the table of the milling 
machine are quite similar to those used on the planer. The same 
Tolts, clamps and blocking being equally suited in both cases. 
It is ordinarily necessary to clamp the work quite securely as 
the tendency to shift under heavy cuts is great. As milling ma- 
chine tables are not ordinarily provided with holes for stop 
pins, it is frequently necessary to bolt suitable stops to the table. 
A bar laid crosswise on the table and held with bolts in two or 
more of the T-slots makes an excellent stop. Round true iron 
washers bolted to the table may also serve as suitable stops. 

Bars of cast iron planed true and having tongues on the bot- 
tom side to fit in the wards of the table will be found very con- 



venient for much work that requires two surfaces to be milled 
parallel with each other. Such a bar is shown in end view in Fig. 
514. They are simply used for setting the edge of the work 
against serving as a stop and insuring quick and accurate align- 
ment, By making a casting in the form of a right angle triangle 
with tongues on one edge, a very satisfactory cross table stop is 
formed for milling surfaces at right angles to each other. 

The knee plate is much used for holding work on the mill- 
ing machine, and especially in the case of special work where a 
plate serves as a jig. It should be provided with tongues for 
properly lining it on the table, and when used for general 
work the upright arm should have a goodly number of slots or 
holes for receiving the clamp bolts. 

Chuck work should be kept as close up to the jaws as possi- 
ble, thus making it rigid. When it is necessary to operate on a 
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part of chucked work extending far out from the chuck jaws^ 
it should be supported in some manner. A small adjustable 
center rest, usually furnished with universal machines or a 
small jack screw may be brought to bear immediately under that 
part of the work the cutter is to operate upon. With long work 
held between centers this support is also valuable. 

In universal machines, taper milling may be accomplished 
with work between centers, as shown at 9, Fig. 494, by either 
raising the tail center or depressing the head center. As this 
throws the centers out of line, the rotation of the work causes 
the dog driving it to move in and out through the face plate. 
This is overcome by the use of the new clog and face plate 



carrier shown in Fig. 515. When the work is held in the chuck 
it is necessary that the adjustment of head spindle be such that 
its center and the center line of the work remain in the same line^* 
and point directly toward the tail center, as shown in Fig. 516. 

Although the milling of cams is usually performed on - a. 
special -cam cutting attachment, they may frequently be milled 
in a plain or universal head, using an end mill as shown in Fig. 
516A. From the round disk shown in the chuck, which is of a 
thickness somewhat less than the diameter of the cutter and 
having a hub upon which the chuck jaws grip, the cam outline- 
shown by the- dotted lines is milled. As shown, the center of the 
mill is central with the disk. For the first or ■ roughing cut; 
raise the table until the lower side of the cutter reaches the 
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center line a a of the work. This roughs down one of the 
straight sides of the cam. Next rotate the chuck slowly by means 
of the worm and gear until the cutter has roughed all the sur- 
face around to the point b. By next dropping the work, the other 


! 



straight side is milled. As machined the two straight sides. wijl 
be flat but the circular portion will be somewhat concave, due to 
the high position of the cutter. For the finishing cut the cutter 
should be set with its center at the height of the work center. 



This brings all of the work on the end of the cutter which 
leaves a sttaight surface, but does not cut as freely as when set 
for roughing. This class of work brings considerable strain and 
wear on the worm and gear of the dividing head. 
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Cutter vibration can usually be traced to some slack in table 
joints or spindle bearings. Heavy cuts on frail work are apt to 
chatter. Straight cutter teeth are much more apt to cause chatter 
than spiral ones. A harmonic relation between the numbers of 
teeth in the back gears and the number in the cutter, when the 
machine is running in back gear, is without doubt a frequent 
cause of chattering. 

The graduated dials on all table feed screws are of great 
value in setting cutters in the proper position relative to the 
work. They should, when possible, be used for making these 
settings, care always being exercised in taking up the slack or 
back lash in the screws. 

In the milling of steel and wrought iron a cutter lubricant 
is used. Lard oil is generally considered the best for this pur- 
pose, although its high cost often precludes its use some form of 
compound being substituted. Many of the soap and soda com- 
pounds are very good substitutes. The object of lubrication 
is to supply, not only enough of the lubricant to keep down 
friction, but enough to carry away the heat of friction and thus 
preserve the cutting edges and make possible higher cutting 
speeds. Cast iron and brass do not require a lubricant. 

Castings that are to be milled should be free from sand and 
hard, flinty spots. It is desirable to pickle them and in the 
case of small castings, which are ver\^ apt to. be hard, to anneal 
them. These operations are inexpensive and rapid and will save 
many cutters and much grinding. 



CHAPTER XXVI. 


GEAR CUTTERS AND GEAR CUTTING. 

In the cutting or forming of gear-teeth two systems, known 
as the ''duplication” and the “generation” systems, are em- 
ployed. 

The “duplication” system is the one most commonly employed 
and may be divided into two separate and distinct classes known 
as duplication by formed cutters and duplication by the templet- 



FIG. 517. 


planing process. Duplication by formed cutters is the more com- 
mon method and the one with which most shop men are familiar. 
It involves the cutting of the tooth space with a rotating or re- 
ciprocating cutter, the side of the tooth of which, has a formed 
outline which is a negative of the side of the tooth outline re- 
quired. The accuracy of the tooth form is therefore dependent 
on the accuracy of the cutter’s outline and theoretically a differ- 
ent form of cutter should be used for each number of teeth cut in 
each pitch. 
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In the templet-planing process the sides of the teeth are planed 
with a pointed tool, the path of the point being guided by a templet 
of the correct outline. This process is much slower than the rotat- 
ing formed cutter method and consequently is little used for 
other than the cutting of miter and bevel gears, to which work 
it is admirably adapted. In Fig. 517 is illustrated the Gleason 
templet bevel gear planer and in Fig. 5 ^ 7 ^ outline of its move- 
ments showing how it is possible to make the point of the cutting 
tool duplicate the templet outline to a uniformly reducing scale 
from the outer to the inner end of the tooth, thus giving a correct 
outline tooth, its accuracy depending upon the accuracy of the 
templet. With the formed cutter it is possible in bevel gear cut- 



ting to give a correct tooth outline only at one point in the toothy’s 
length. The method is, however, much more rapid and for the 
finer pitches is much used.* For the coarser pitches and relatively 
longer teeth, where quiet, smooth running gears are requii'ed, the 
planing process is used. 

The^generating of conjugate tooth outlines, or in other terms, 
the forming of the teeth upon cylinders that will -cause them to 
roll together as the pitch circle of the one would roll upon the 
pitch circle of the other .without slipping, is a condition that can 
only be obtained by a molding process. 

Wlien two newly cut gears run togetlier, a molding process 
takes place, the high parts wearing down and gradually produc- 
ing a smooth running conjugate tooth. If the teeth of one gear 
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. were covered with fine file-like teeth it would quickly mold the 
teeth of the other gear. 

The forming of teeth in this manner by a process known as 
the molding-planing process has but recently been put into' a 
practical form for spur gear cutting in the Fellows gear shaper. 

The single-tooth molding-planing process, .as applied in the 
Bilgrim machine, generates conjugate teeth on miter and bevel 
gear blanks. 

The making of formed gear cutters involves the laying out 
of the templet and making of the negative cutting tool as described 
in connection with Fig. 472.^ 

As the tooth outline varies with the number of teeth in the 
gear a cutter can be made exactly correct for but one number of 
teeth. In practice, however, the outline varies so slightly, espe- 
cially for the larger numbers of teeth, that one cutter, although 
exactly correct for but one number of teeth, is used for cutting 
quite a range of numbers. As the tooth outline changes very 
rapidly for the lower numl^ers of teeth the range is small for 
these numbers. In the involute system the permissible range is. 
much wider than in the cycloidal system. In the following table 
is given the numbers and range of Brown & Sharpe involute gear 
cutters : 

No. I will cut wheels from 135 teeth to a rack. 



2 



t. 

55' 

“ 134 

teeth. 


3 

a 


.< 

35 “ 

" 54 

it 


4 

a 

u 

li 

26 “ 

“ 34 

tc 


5 

it 

(C 

it 

21 

“ 25 



6 

a 

it 

it 

17 “ 

“ 20 

({ 


7 

a 

tt 


14 

“ 16 



S 


it 

Ci 

12 ‘‘ 

“ 13, 

<f 


In cases 'where a finer division is required in the number of 
teeth to be cut with each cutter, as sometimes occurs when very 
smooth running gears are required, intermediate cutters between 
those regularly used may be had on special order. The range of 
these cutters is given in the following table : 


1 

No. of Cutter, 

Range. 

! 

No. of Cutter. 

-Range. 


So to 134 teeth. 

5 .^ 

1 19 to 20 teeth. 


42 “ 54 “ 


1 T5 “ 16 


30 “ 34 “ 

iVz 

13 

■ 

23 “ 25 “ 
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In the cycloidal system 24 cutters are required for cutting all 
numbers from 12 teeth to a rack as given in the following table i 


Cutter 

A 

cuts 



12 

teeth. 

Cutter 

M 

cuts 

27 

to 

29 teeth. 

it 

B 

cuts 



13 

it 


N 

cuts 

30 

to 

33 “ 

it 

C 

cuts 



14 

it 

it 

0 

cuts 

34 

to 

37 “ 


D 

cuts 



15 

ti 

a 

P 

cuts 

38 

to 

42' “ 

it 

E 

cuts 



16 

it 

it 

Q 

cuts 

43 

to 

49 

a 

F 

cuts 



17 

it 

it 

R 

cuts 

50 

to 

59 “ 

it 

G 

cuts 



18 

a 

it 

S 

cuts 

60 

to 

74 “ 

it 

H 

cuts 



19 

tt 

a 

T 

cuts 

75 

to 

99 '' 

it 

I 

cuts 



20 

ti 

a 

U 

cuts 

100 

to 

149 “ 

it 

J 

cuts 

21 

to 

22 

it 

a 


cuts 

150 

to 

249 “ 

it 

K 

cuts 

23 

to 

24 

it 

a 

w 

cuts 

250 

or 

more. 

tt 

L 

cuts 

25 

to 

26 

it 

it 

X 

cuts 

Raok, 



For bevel gear cutting, involute teeth, eight cutters having 
the same range as above given are required. These cutters differ 
from those used for spur gearing in that they are considerably, 
thinner, a condition made necessary by the cutters having to pass 
through the narrow end of the tooth space. The regular bevel 



gear cutters are thin enough to pass through the narrow end of the 
space where the length of .the tooth is not more than 1-3 the dis- 
tance from the outer end of the tooth to the point at which the 
axes intersect. Where an extra length of tooth is required, an 
especially thin cutter must be used. 

Cutters for spur gears have the pitch and the range of teeth 
stamped on them. Cutters for bevel gears have the pitch, but not 
the range stamped on them, inasmuch as the range does not or- 
dinarily correspond to that given for spur gears. The selecting of 


GEAR CUTTERS AND GEAR CUTTING. . 383 

the proper cutter for a spur gear is therefore a simple matter, 
as it is only necessary to know the diametral pitch and the number 
of teeth. With bevel gears, however, the following considerations 
are necessary. In any pair of bevel gears lay off the back cone 
radius a, b for the gear, and b, c for the pinion, Fig. 518. Con- 
sidering the gear, r is the actual pitch radius and upon which 
the pitch and number of teeth depend. The outline of the tooth, 
however, is the same as for a spur gear, having a radius a, b. 
Take, for example, r as equal to 4 inches, and assume No. 6 
diametral pitch, which would ^ve 48 teeth in the gear, requiring, 
if it was a spur gear, cutter No. 3. The back cone radius a, b 
measures 8 inches, requiring a tooth outline the same as a spur 



FIG. 519. FIG. 520. 


gear of 96 teeth, or cutter No. 2, which would be the correct cut- 
ter to use. 

In Fig. 519 is shown the Gould & Eberhardt duplex gang 
gear cutter, which consists of two or more cutters mounted to- 
gether and of such diameters and forms as to cut and correctly 
finish two or more teeth at each passage through the blank. An 
inspection of the figure shows the central cutter to be of normal 
diameter and symmetrical with reference to a central plane. The 
side cutters are somewhat larger in diameter and the center line 
of the front face. of each tooth is coincident with a radius of the 
blank. It is evident that but one diameter of gear can be cut with 
each gang, and the larger the diameter of the blank for a given 
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pitch, the more cutters it is possible to mount in one gang. 
This condition at once makes the gang a purely manufacturing 
tool, which can be advantageously adapted only in cases where 
large numbers of each size of gears are to be cut. In using these 
gangs, care must be exercised in setting to the exact depth of cut 
and that the blanks are of exact diameter, as inaccuracies in 
. these conditions will produce thick or thin teeth. 

These cutters arc ground from the front face without chang- 
ing their form. With these gangs as many as ten finished teeth 
may be cut at one passage through the blank. Under ordinary 
conditions the excessive heat generated by the removing of so 
much stock necessitates a somewhat slower rate of feed and cutter 
rotation than can be employed with single cutters. A jet of com- 
l^ressed air directed against the work and cutters makes possible 
much higher speeds. 

The Clough duplex cutter, as shown in Fig.' 520, although a 
form of gang cutter, finishes but one tooth at a time. The object 
of this cutter is to produce gears having a widely different number 
of teeth, that will interchange with a single cutter. Correct tooth 
outline must of necessity be sacrificed in accomplishing this end. 
Clears cut, however, with these cutters run fairly well together 
and will work with gears cut with regular involute cutters. Gears 
having' 30 teeth or over arc finished entirely by the inside faces of 
the cutter. For numbers lower than 30 the fianks are finished 
by the outer faces of the cutters. 

The methods of cutting spur and bevel gears already described 
in Chapter XXV., require the continuous attention of the operator 
with a constant danger of his making an error in division. Auto- 
matic gear cutting machines insure better gear at very much lower 
cost. In Fig. 521 is shown an automatic gear, cutter capable of 
cutting spur gears only up to 40 inches in diameter by 9 inches 
face. 

In Fig. 522 is shown an automatic gear cutter for cutting both, 
spur and bevel gears up to 18 inches diameter by 4 inches 
face. 

In these machines all movements are entirely automatic, The 
work is secured to the dividing head spindle ; the necessary change 
gear adjustments made for dividing the work ; the work set to the 
cutter so as to cut the proper depth of tooth, the correct' cutter 
having previously been put on the cutter spindle, and the machine 
started up. When the feed is thrown in the cutter advances 
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through the blank at the required rate of feed, automatically re- 
^^ersing when the cut has finished and returning the cutter slide 
at a quick speed. When the cutter on its return stroke has cleared 
the work, the dividing mechanism spaces for the next tooth and 



riG. 521. 
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the cycle of operation is again gone through, repeating itself 
without further attention until the work is finished. 

For the cutting of bevel gears in the automatic machine it is 
necessary that the cutter slide be so constructed that it can be set 
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at any angle between a horizontal and a vertical position. As 
with the cutting of bevel gear in the milling machine, the cutter 
must pass twice through each space, the automatic features of the 
machine, however, remaining the same as for spur gear cutting. 

Due to their smoothness of action, spiral gears running in oil 
are largely used for driving the cutter spindle. As the center of 
the cutter must, for spur gear cutting, be under the center of the 
work and as the cutters vary in thickness, it is necessary to give 
the spindle an adjustment endwise and to provide a suitable gauge 
for setting the cutter central. 

The feed to the cutter slide on the machines shown is accom- 
plished by a slow rotation of the feed screw, which rate can be 
varied within necessary limits by a change of gearing. The auto- 
matic disengaging by stops of the clutch, which engages the for- 
ward driving gear with the feed screw, stops the feed. The same 
movement engages the screw with a quick-running reverse gear 
which brings the slide back very rapidly. The changes from the 
one movement to the other occur without pause or shock. 

The exactness with which the dividing mechanism performs 
its work is dependent upon an accurately cut worm gear and 
worm ; accurately cut change gears ; nicely fitting bearings and 
adjustments permitting of no back lash ; and an escapement move- 
ment which allows the locking disc-shaft to make exactly one 
revolution, or, as is the case with the Brown & Sharpe machines,, 
two or four revolutions at the time the division is made. In these 
machines a side shaft rotating at a constant rate of speed carries 
a clutch which at the instant of the tripping of the escapement 
stop engages the locking disc causing it to rotate through one, 
two, or four revolutions, depending on the setting. This has the 
advantage of reducing the number of change gears necessary. 

Referring to Fig. 523, B is the gear on the locking shaft, C 
and D are intermediate gears on a stud, and E is the worm gear, 
which transmits its motion to the worm through a pair of miter 
gears. The number of teeth in the worm divided by the number 
of teeth to be cut, represents the ratio that must be made up by the 
change gears. Thus if 120 teeth are required the ratio is one, 
and gears must be selected that will give this ratio, as B 50, C 50, 
D 60, and E 60. If, for example, 82 teeth are wanted, 

120 60 2 30 

X— 


82 ji 1 
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giving gear B loo, C 50, D 30, E 41. As a gear with 41 teeth is 
not available, 60 and 82 may be used on D and E. If in the latter 
case 41 teeth were wanted, two revolutions of the' locking disk 
could be employed, using the same change gears. 

Where work of small diameter is operated upon, the outer end 
of the work mandrel is supported by an overhanging arm and 
no further support is necessary. If of large diameter the end of 
the mandrel is carried in an outboard support, and a rim support 
steadies the blank immediately back of the cutter. In setting the 
work to depth it should be lowered until the revolving cutter just 
touches the circumference, and the dial on the elevating screw then 
set at zero. It should then be dropped the required amount for 



the cut by passing somewhat beyond the required distance and 
turning up to the mark, thus avoiding any error due to back lash 
in screw and connections. 

Gear cutting machines when used on steel gears are provided 
with an oil pump for supplying a liberal amount of screw cutting 
oil on cutter and work. In the cutting of steel gears, when prop- 
erly lubricated, a high rotative Cutter speed with very fine feeds 
are usually advisable. The lubricant prevents the heating of the 
cutter and the fine feed overcomes its tendency to “hog’’ into the 
work. 

The cutting of bevel gears in the automatic machine shown 
in Fig. 522 does not differ materially from the milling machine 
method described in connection with Fig. 503. The side move- 



388 


MODERN MACHINE SHOP TOOLS. 


ment is given the cutter rather than the work, and the same care 
and judgment must be exercised in making the preliminary set- 
tings. Ill the cutting of heavy pitch and steel bevel gears, it is 
usually advisable to make a center cut, thus necessitating three 
cuts for each tooth. 

The cutting of racks may be accomplished in the milling ma- 
chine by use of a special attachment, as shown in Fig. 458; on 
the automatic gear cutter by means of a suitable attachment or 



FIG. 524. 


on a special automatic rack cutting machine. An attachment for 
the automatic gear cutter is shown in Fig. 524. A cross rail is 
secured to the front of the upright, and this is mounted on a slid- 
ing head with provisions for clamping the rack blank on its under 
surface. A pinion on the nose of the dividing spindle engages a 
rack on the head, thus making it possible to automatically move 
the head the correct spacing for each passage of the cutter through 
the blank. Gang cutters can be advantageously used in rack 
cutting. All cutters must be of exactly the same diameter and 




527. As already stated the cutter is a correctly formed gear dished 
on the cutting face in order to give it an angle of rake. The cutter, 
although resembling a spur gear, is in reality a bevel gear, having 
a very small center angle. This feature gives the cutter the neces- 
sary clearance in the work. Upon the correct forming of the 
cutter depends the accuracy of the work produced on this machine. 

Since the side of the tooth of an involute rack is a straight line, 
the substitution of the face of a cutting wheel for the side of the 
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tooth would by the molding process produce a correct involute 
outline on the tooth of any gear that, meshing with the rack, was 
caused to pass this cutting face. Upon this fact is based the 
method by which the Fellows cutter is finished. The cutter hav- 
ing been planed from a blank, as shown in Fig. 528, and hard- 
ened, is put on a special grinding machine and the tooth outlines 
ground to the correct form, the operating of the machine depend- 
ing upon the principle above explained and clearly illustrated in 
Fig. 529. The rack, of which the face of the wheel forms the side 
•of one tooth, is a fixed imaginary one and the cutter blank’ is 
given, by a suitable mechanism, a true rack and pinion motion 



past the face of the emery wheel, which grinds the sides of the 
teeth, one at a time, to the correct form. 

In its operation the cutter and blank are so geared together 
that they rotate the same as two complete gears in proper mesh. 
After starting the machine, the cutter is fed toward the blank 
until it has cut the exact 'depth of the tooth. Rotation which cor- 
responds to a feed then begins, a small amount at the beginning 
of each stroke, when the cutter is clear of the work and continues 
until the cutting is finished. 

The method of holding the work is shown in Fig. 527, a suita- 
ble face-plate and clamp with a work support in connection with' 
the draw stroke on the cutter making a very rigid combination. 
When the character of the work necessitates it, the cut can be 
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taken on the down stroke, such usually being the case when 
cutting internal gears. The stroke of the cutter ram is adjustable,, 
as to length and position. 

Since the teeth of the cutter are conjugate to the generating- 
rack, all gears cut with the cutter are conjugate to it and to each 
other. One cutter will therefore cut all gears from a pinion to a 
rack. 

Bevel gears having the octoidal form of teeth are cut theoreti- 



cally correct by a molding planing process in the Bilgram bevel 
gear planer, Fig. 530. The generating tool has a straight cutting 
edge and is given a motion parallel with the root of the tooth and 
constantly moving toward the apex of the pitch cone. 

In this machine the gear blank is given a rolling motion as it; 
swings under the cutting tool. This motion is accomplished hy 
means of a pair of bands wrapped about a portion of a conical 
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surface, having its apex in the intersection of the axis, upon 
which the blank is mounted and the pivotal axis of the head. The 
adjustments of the machine are such that the motion given the 
blank is the same as it would receive if it was rolling in gear with 
a circular rack. As the cutting of the tool corresponds to the 
straight side of the rack tooth, its action is to generate a conjugate 
tooth on the blank. The indexing mechanism spaces the teeth 
and the feed rotates the blank slightly for each stroke of the cutter. 

In the cutting of worm gears by the bobbing process is illus- 
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trated a method of producing conjugate teeth by a rotating cutter. 
This operation as performed on the universal milling machine is 
described in connection with 12 Fig. 494 and Fig. 502. 

On machines designed specially for bobbing work and known 
as bobbing machines, the work spindle and hob are geared to- 
gether by means of a suitable system of change gears, thus driv- 
ing the work blank at the proper speed relative to the cutter 
rotation. With machines of this class it is not necessary to pre- 
pare the blank by gashing, as the gearing insures correct spacing. 
This method is clearly shown in Fig. 531, which illustrates the 
Whitney attachment for the bobbing of worm gears on a plain 
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milling machine. As clearly shown a pattern worm on the work 
spindle, having the same number of teeth as required on the work, 
gears with the hob. 

Spiral gears are usually cut in the universal milling machine 
with a formed disk cutter mounted on the regular cutter arbor, 
or preferably on the spindle of a universal milling attachment, 
as shown in Fig. 454. In the latter case the setting for the 
spiral angle is made by swinging the auxiliary cutter arbor to the 
required angular position which is a very desirable feature in 
the cutting of short pitch spirals. 

As is the case with the teeth of bevel gears, spiral gear teeth 
can be formed theoretically correct by a planing process in which 
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the cutting tool is given a rolling feed that causes it to follow the 
outline of the tooth, the work being rotated as it advances to the 
tool at the proper rate to produce the required spiral. 

The teeth may also be correctly formed by using a planing 
tool of the same outline as the normal tooth space, the blank being 
again rotated to produce the proper spiral. Teeth of spiral gears 
in which the spiral angle is great, as in a worm, are usually formed 
by this method in a screw cutting lathe. 

As the planing process is necessarily an expensive one, the 
more rapid yet less accurate method of milling is usually used. 
For this method two forms of cutters are used, the disk cutter, the 
same as used for spur gear cutting, and the end or shank cutter. 
Of these the latter is used only when cutting low numbered pinions, 
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where the root outlines of the teeth are so nearly parallel that a 
disk cutter would clip off the teeth too much, thus making the space 
wide and the tooth thin, as well as destroying the form of tooth 
section. 

The end cutter is given the same shape as the desired tooth 
space and rotated at right angles to the axis of the blank, both axes 
being in the same plane: The end cutter is a delicate tool that 
rapidly loses its form and does not produce a spiral groove or tooth 
space having exactly its outline. 

The disk cutter is best suited to this work, as it cuts faster and 
retains its shape well. When made of small diameter it can or- 
dinarily be used on low numliercd pinions with satisfactory results. 
In its use the axis of the blank must be placed at 90 degrees, minus 
the spiral angle, from the cutter arbor, the direction in which the 
angle is measured depending upon whether the spiral is to be right 
or left handed. The blank as it is fed to the cutter is given the 
proper rotation to produce the required spiral. 

As the disk cutter operated in the universal milling machine 
forms the most practical method of producing spiral gears, we will 
consider that method of cutting in the following examples. 

In preparing to cut a spiral gear in the universal milling ma- 
chine the operator should observe the following points : Having 
selected the proper cutter and secured it well toward the outer end 
of the ai"bor in order to allow plenty of room to swing the table 
without striking the housing, or upon the spindle of the universal 
attachment, he will proceed as follows : First, move the saddle 
until the centers of the spindle and center plane of the cutter coin- 
cide. This will bring the center of the cutter over the center about 
which the woi'k table rotates in setting for the spiral angle. 

• Adjust the dividing mechanism to give the number of teeth 
desired the same as for spur gear cutting and release the pin on 
the back side of the index dial so that the dial may rotate with the 
worm spindle. 

The spindle must be geared with the feed screw in order to 
olitain the required pitch of the spiral. A table furnished with 
the’ machine will give the change gears to use for a large range 
of pitches. If the pitch required does not exactly coincide with 
any given in the table, it will usually be sufficiently correct to use 
the one nearest the proper pitch. 

The spindle will have right or left hand rotation, depending 
on whether the gear is to have right or left hand spirals. The 
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direction of rotation is changed by driving through an idle gear 
carried on a second stud. 

Next swing the table, or the universal spindle as the case may 
be, through the spiral angle and elevate the knee until the revolving 
cutter touches the circumference of the blank. Back the blank 
from under the cutter and again elevate the work, this time an 
amount equal to the depth to be cut in gear. In returning, lower 
the work a little so as to clear. 



CHAPTER XXVII. 


DRILLING MACPIINES AND DRILLING WORK. 

Drilling machines constitute a class of machine tools which has 
developed from the lathe. The standard drilling machine in its 
various forms consists primarily of a revolving spindle for carry- 
• ing the cutting tool; a work holding table and a substantial frame 
connecting the two. The details of spindle adjustments and 
spindle drives and feeds, while differing in points of detail in the 
several designs and classes, all bear close mechanical relations with 
each other. 

The specific field for this class of tools is the drilling and boring 
of holes of comparatively small diameters. The reaming and tap- 
ping of these holes are in many cases added to the work of the 
drill and by means of special tools and fixtures much work for- 
merly done in the lathe is now being performed on drilling ma- 
chines. The relative importance of this class of tools in manufac- 
turing shops has been measured largely by their ability to do 
strictly drilling work. As a manufacturing tool, it is, however, 
due to its simplicity, the readiness with which it can be ganged, 
and its comparatively low cost, rapidly growing in favor. 

In Fig. 532 is shown a standard pattern upright drill. This is 
a back geared machine, the back gear mechanism being inclosed 
in the upper horizontal spindle cone. This gives the spindle eight 
speeds. The spindle has a three-speed automatic feed with an 
automatic stop for knocking the feed off at any required position 
of the spindle. Both wheel and lever feeds are also provided with 
a provision 'for quickly moving the spindle when the worm on hand 
wheel is disengaged from its gear. The rack and pinion method 
of moving the spindle is common to practically all makes and styles 
of drilling machine. The spindle has its lower bearing in a quill 
which is given a close sliding fit in the head. The feed rack is 
secured to the quilh The machine shown is of the sliding head 
pattern, the head having a vertical adjustment on the front face 
of the column to adapt the machine to work of different heights 
and drills and tools of varying lengths. The head js counter 
weighted by an equivalent weight on the inside of the column and 
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attached to the head by the chain shown. The head can be firmly 
clamped in any position. 

The work table is supported on an arm, which is moved over 
the column by means of the screw and crank shown. It can be 
swung to a considerable angle either side of the spindle and firmly 
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damped in any position. For work too high to be supported on 
the adjustable table, the lower base table is used. 

On the smaller machines of this class, a stationary head is used, 
all the vertical adjustment being given the table. Machines of this 
general design are regularly made up to 52 inches capacity, the 
size indicating the maximum diameter of work, the center of which 
can be reached by the spindle. 

For driving small drills, a light machine should be used in 
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order to obtaiu the high speed required and the lightness of paits 
necessary to make the machine sensitive. By the term sensitive, 
as apiplied to .small drilling machines, is commonly, understood that 
lightness of jiarts, smooth running and perfect balance which 
enables the operator to judge as to the pressure he is applying to 
the drill and eonsecpiently lessen the danger of drill breakage. 
In addition to the above features some builders go a httle farther 
and employ at some point in the drive an adjustable friction w ich 
can be so set as to just drive the drill being used. 

In Fig. 533 is shown a simple and efficient friction driven sen-. 



FIG. 534 - 


sitive drill. The friction driver is adjustable to compensate for 
wear only. The speed of the spindle iS varied by the position of 


the driving friction wheel. 

In Fio-. 534 is shown an example of a very heavy upright Ir 
ino- machine. This machine is designed for very heavy work, as 
thi boring and tapping of flanges. It is of massive proportions 


and powerfully geared. , , r , -ir 

When, as illustrated in Fig. 535 , a number of drilling spindles 

are driven from one main spindle, the machine is known as a rnul- 
tiDle spindle drill. In the drill shown, the spindles can be set at 
any desired position within the limiting circle. This, is a roanu 
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facturing tool adapted to the drilling of such parallel 

heads, chest covers or any machine part ivhere a machines 

holes can be drilled at the same time and setting. T; - 

are also made in a horizontal style with one or two 1 


work, as the drilling of cylinder ends. 

When several complete machines, each having a 


single spindle. 
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are mounted upon a common base and driven either independently 
or as a single machine, they are known as gang drills. They 
possess many advantages and as manufacturing tools are coming 

into quite general use. _ . 1 • u 

In Fig. 536 is shown a four-spindle 14-inch gang drill, wnic 
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illustrates favorably this class of drills in Ae smaller sizes. They 
are made with two to eight spindles in this general style, 
larger numbers of spindles are required, as for the drilling of bode 
nlates or bridge and structural work, the design is materially 
Ldified, the spindle heads being mounted on a cross rail which 
is supported at the ends by rigid housings resting on a heavy base 

with fixed or adjustable work table. 

With gang drills, as with multiples, the operating economy is 
evident when the work will admit of their advantageous use. W ith 
the gang drill when each operation on the work is short, a sing e 
piece of work is carried from spindle to spindle, but one spin 



FIG. S37- 


working at a time. The saving here comes from not having to 
stop and start spindles and change tools. _ When tie 

time required for each operation will ' big 

matic feed, each spindle may be ^ept constantly at work it bei^ g 
only necessary to stop it long enough from time to tim 
theliished piece and put in another. When so operated 1-hc tim 
;l ;; i if possMe. that all spi.rfl=a except the 

one at which the work is being changed aie working. 

The automatic feed and feed knock off are quite necessary 

the latter class of operations. ... ... , .-enter. 

When work of large diameter is to be dulled neai 
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the drilling spindle mast be capable of sufficient radial adjustment 
to reach the required point on the work, hence the name and class 
radial drills. -In Fig. 537 is shown a plain radial. The upright 
or column is carried on a stump, which is securely bolted to the base 
and extends through the column. The column rotates upon this 
stump and can be firmly clamped to it at any position. Tlie radial 
arm has a vertical adjustment by power on the column, and the 
spindle head is radially adjustable on the arm. An extended base 
receives heavy work and a raised angle plate table the smaller 
work. The drive is through bevel and spur gear connections with 
shafts through the center of and down the outside of the column, 
along the arm and up the head to the upper end of the spindle. 
In the particular machine shown, a variable speed box, Fig. 537 A, 



FIG. 537A. 


is substituted for the usual cone pulley. By means of a lever, 
operating friction clutches, either of four speeds may be instantly 
obtained. The back gear, which is mounted on the butt of the 
arm, is so arranged that four speed changes are obtained, thus 
giving sixteen speed changes for the spindle, all of which are ai*- 
ranged in geometrical progression. Reversal of the spindle rota- 
tion for tapping is accomplished at the head, a friction clutch con- 
trolling same. 

As the efficiency of a tool of this class depends very largely 
upon the convenience of manipulation, special attention to the 
location and arrangement of operating levers is given. 

Radial drills are also made in what are known as “half’' and 
“fiill” uniyersal radial patterns. In the “half” universal radial, the 
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drilling spindle is mounted on a swinging frame which allows the 
spindle to be set at any angle, in a vertical plane, parallel with the 
face of the arm. In the “full” universal radial the arm is pivoted 
to the butt in such a manner that its face can be rotated through 
a complete revolution, thus making it possible to drill holes at 
any desired angle with the base. 

For a large portion of the angular drilling work put on these 
machines, the universal drilling table, Fig. 538, in connection 



FIG. 53S. 

with the plain radial machine, is well suited. In this case the 
work rather than the spindle is set at the required angle. 

On classes of work where each operation is short, and as a 
consequence it is not economical to attempt to work on more 
than one piece at a time, turret head drills are well adapted. In 
•Fig. 539 is shown a drilling machine of this class. The turret 
carries a number of spindles which can be successively thrown 
into position. Each spindle carries its particular tool for the 
wot'k in hand and only the spindle in working position revolves. 

In Fig. 540. is shown a horizontal spindle drill of radial pat- 
tern. The value of this class of tool, not only for general work; 
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but as a manufacturing' drill, is not fully appreciated. This drill 
was originally designed for the drilling and tapping of holes in 
the ends of long work. Its advantages for this purpose are 
evident. For the drilling and tapping of holes parallel with a 
machined surface, on almost all classes of work this machine is 
superior to the standard upright drill, as the work can be more 
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readily set up on the table and without the use of knee plates and 
blockings. The. machine is back geared and provided with auto- 
matic power feed. . ’ Reversal for tapping is accomplished by a 
double friction clutch counter shaft. 

Post drills as usually constructed consist of a substantial 
drilling head of suitable design to permit its being secured to a 
post or wall. 
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Suspension and ti^aveliiig drills comprise a special class used 
for the drilling of plates and other work too large to be handled 
nnder a, radial. The’ suspension didll is made to bolt to the ceib 
ing and the work is moved under it. With the traveling drill 
the head is mounted on a steel bridge which is carried on side 
tracks similar to a traveling crane. These machines have the 
spindles motor driven, and although limited in their vertical ad- 
justment are capable of wide lateral adjustment, making it possi- 
ble to reach any part of large heavy work without moving it. 

In Fig. 541 is shown a two spindle gang manufacturers’ drill 
of entirely new design and construction. This tool is adapted 
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to the requirements of the manufacturing plmit having many 
similar pieces to be drilled. In its. action the operator throws in 
the feed lever and the spindle instantly advances by a quick 
movement until the drill comes in contact with the work surface, 
when the regular, feed starts. When the hole is. finished the 
siiindle automatically returns. It is therefore only necessary for 
the operator to put into and remove the work from the carrying 

jig- . 

In Fig. 542 is shown a portable drill operated by a conipx'essed 
air motor through the flexible shaft. An electric motor or a rope 
transmission may be substituted for the compressed air motor 
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M hen desired. In many cases a small air motor is attached 
directly to the drill spindle. 

When a drilling- spindle is to be used for tapping, it is neces- 
sary that some provision be made for reversing the spindle. The 
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common method is by using a double clutch counter shaft with 
one open and one crossed driving belt. This arrangement causes 
a reversal of all turning parts which is open to some objection. 
Some builders are employing a geared reversal, either directly 
on the spindle or on the first reducing shaft. In Fig. 543 is 
shown a combination of three bevel gears for this purpose. Gear 
C is keyed on the first reducing shaft, gears A and B run loose 
on the spindle, the clutch D is keyed to the shaft, but free to 
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slide up or down over the key. A suitable lever engages with the 
clutch, thus making it possible to lock gears B or A with D, caus- 
ing the spindle to rotate forward or back, depending on which 
gear is made to drive. This makes a very smooth and satisfac- 
tory working drive. 

It is frequently necessary to use small drills in a large machine. 
As the spindle speeds are entirely too slow for the proper running 
of these drills, the. high speed drilling attachment Fig. 544 can 
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be used to very good advantage. The box contains four gears^ 
one cut on the lower end of the taper spindle, another on the 
spindle carrying the drill .chuck with the two others mounted 
together on the stud shown. The arrangement is precisely like a 
back gear with an increasing rather than a decreasing spindle 
■ speed. 

The securing of work on the table of the drilling machine re- 
quires clamps, bolts, jacks and blocking, the same as for plancr 
and milling machine work. The same care should also be exer- 
cised in the setting, as true work requires careful setting. The 
use of the square aiid surface gauge, and good parallel bars 
are indispensable in setting up work for drilling*. For through 
drilling the work must be so located on the table that the drill 
ill passing through will enter a slot or the central hole on the 
table. If the drill is too large or for any other reason this can- 



not be done, the work should be placed on parallel bars sufficiently 
thick to raise the work enough to allow the drill to pass through 
without spotting into the table. 

The work table should be kept in good condition, and to drill 
a hole into it should be an unpardonable offense. As the work 
table on upright drills turns about its center and the table arm 
turns on the column, it is possible to so adjust the table that any 
point on a piece of work clamped to it can be brought under the 
center of the drill. 

For drilling surfaces at right angles to a plain surface, the 
work can be secured to a knee plate or preferably to the table of 
a horizontal spindle drill. Round work can be advantageously 
clamped in a pair of 90 degree V blocks. 

For the holding of small and medium sized pieces of work 
the drilling vise is much used. In Fig. 545 is shown a form of 
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drilling vise with an- angular adjustment to the sliding jaw for 
holding tapered work. Nearly all pieces of work can be held in 
some manner in a vise, and in some cases when a lai'ge number 

-■1 
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of irregular shaped pieces are to be drilled it is found advisable 
to make special false vise jaws for holding- them. 

In Fig. 546 is shown, at A, a new drilling vise with a cross 
section at B. The method of operating the sliding jaw in this 
vise is such as to always hold the jaw tight down to its slide. 
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which prevents lifting and drawing the work out of true in tight- 
ening; 

In Fig. 547 is shown a special jig drilling vise. It consists 
of a substantially made plain drilling vise with the jig drilling 
attachment shown. The attachment is secured to the stationary 




410 


iMODERN MACHINE SHOP TOOLS. 


jaw. The post C permits a vertical and a turning adjustment, and 
is firmly clamped in position. The yoke D, Avhich carries the 
drilling bushing B, can be adjusted for length. The stops, H and 
K; are also adjustable. When a number of pieces are to be drilled 
alike, the first one is clamped in the vise and the stop K or H 
adjusted to it. The work should rest, if possible, on the ways of 
the vise or on suitable parallels in order that all pieces can be 
put into the vise in the same relative position. The bushing, when 
properly adjusted, insures the drilling of the hole in the same 
relative position, within reasonable limits, on all the pieces. A 
vise of this description proves an efficient tool for many drilling 
operations. 

No class of work in the manufacturing shop presents as many 
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possibilities for jigging as does the work handled in the drilling 
machine. Drilling is really a connecting operation between the 
machining and assembling of machine parts. These parts are 
turned, planed and milled to dimensions, but the accuracy with 
which they go together, and their interchangeability is dependent 
entirely upon the manner in which the drilling is performed. 
Carefully made drilling jigs not only make possible exact dupli- 
cation, but save much time that would otherwise be devoted to 
the laying out of the work. Jigs are manufacturing tools of, as 
a rule, high first cost and their economy depends very largely on 
the number of pieces to be drilled. 

Drilling jigs can be divided into two general classes, plate 
jigs and box jig's. A plate-drilling jig is one which can be laid 
flat upon the surface of the work, properly located and clamped 
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in position. All holes drilled through plate jigs are parallel with 
each other. A box jig is one which contains the work and may 
be used for drilling holes at any angle with each other. The 
character of the work frequently necessitates the use of a box 
jig in cases where all holes required are parallel with each other. 

Jigs are usually made of cast iron with bushings of hardened 
steel. The form of bushing usually used is shown in Fig. 548. 
At A is shown a shoulder bushing for use in jigs to be used from 
the one side only. At B is shown a plain bushing, as used in 
plate jigs which are reversed for drilling from either side. When 
two bushings, as a drilling and a reaming bush, must be used in the 
same hole in a jig they are usually made as shown in Fig. 549. 
The knurled head facilitates removing, and the pin A prevents 
the bush from turning and wearing loose in the jig. Bushings 
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should be nicely fitted in the plate and for the most exacting re- 
quirements should be ground internally and externally after 
hardening. 

An example of a plane plate jig is shown in Fig. 550. This 
jig is used in the drilling of the cylinder head shown. • The jig 
is centered by a short bush, which fits the central reamed hole in 
the head. As the character of the head casting necessitates the 
jig being put on in a certain position, with reference to a core, 
a zero line established on each casting and the zero mark on the 
ear shown on the jig, are in each case made to coincide. 

In Fig. 551 is shown a reversing plate jig and the work it is 
used upon. In this example the holes in the bed are drilled and 
those in the cylinder drilled and tapped to receive turned bolts 
which fit the holes exactly. It is also necessary that the fiat face, 
shown on the side of the cylinder, comes exactly at right angles 
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with the planed bottom of the bed. The jig* is first slipped over 
the extended barrel of the C}dinder and its flat side squared with 
the face above referred to on the cylinder. The jig is clamped in 
this position and the holes drilled tapping size. The jig is then 
removed and the holes tapped at the same setting. 

The tap drill bushings are next removed from the jig and 



FIG. 551. 

the bolt size bushing put in from the opposite side. The ring 
shown in the cut is now slipped into the bore of the bed and left 
extending from the face a distance sufficient to receive and center 
the jig, which is squared as before, this time from the drilling ma- 
chine table. In all cases, after drilling the first hole, the stop pin 
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shown should be inserted in it to prevent any possibility of the 
jig shifting on the work. 

^ In Fig. 552 is shown a form of box jig, and the piece of work 
it is used upon. In this case all the holes are parallel with each 
other and three of them do not pass through. The work is first 
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faced and bored. All holes in the jig are located with reference 
to the bore of the work. The lower portion of tile jig holds the 
work central and the upper portion carries the bushings. These 
parts are nicely fitted together and suitable dowels insure their 
always remaining in the required position, relative to each otlier. 
For the holes that are low on the work surface, extended bush- 
ings are used. 

In Fig-. 553 shown a simple form of box jig used for drill- 
ing holes in round work at right angles to each other. The 
construction is evident from the cut. The work is slid to a stop 



in the jig and clamped in position. The hole E is drilled 
through the bushing C, and F is drilled through the bushing i> 
with the jig resting* on its faces A and B respectively. When 
the angle A O B is a right angle, the holes will be drilled at right 
angles with each other. By making the angle A O B any re- 
quired angle the same angular relation between the holes drilled 
will result. 

From a consideration of Fig. 552 it is evident that when holes 
are to be drilled in. a piece of work at any angle with each other, 
a l)ox jig can be used. This jig must contain the work and havii 
two parallel faces, one to receive the bush and the other to rest 
.upon the work table, at right angles to each required hole. 

The drilling of steel and wrought iron requires lubrication 
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for the cutting tool. Cast iron and brass are drilled dry. As 
with other cutting tools lard oil makes the most satisfactory lub- 
ricant. It is expensive, however, and as a result cheaper oils 
and drilling compounds comprise the lubricants most used. As the 
lubricant conducts away the heat of friction generated in the cut- 
ting of stock, it should be freely applied and pro visions, made for 
delivering it to the very cutting edge. This, as previously de- 
scribed, is accomplished by means of oil tube drills. These when 
used in a revolving spindle require a special form of socket which 
can be connected by pipe or tubing with a pump, for forcing the 
lubricant. 

The drilling of deep holes is usually accomplished in special 
drilling machines using pod drills. Long twist drills are not 
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well suited to the drilling of deep holes inasmuch as the strain 
tends to untwist and make them vibrate and catch in the woi*k. 
There is also not sufficient land area to satisfactorily guide the 
drill, thus making it difficult to drill true, straight deep holes. 
The pod drill is shown in Fig. 554. It is of semi-circular cross 
section, the radius of the section being equal to the radius 
of the required hole. All the cutting is done by the 
end face at A B which is given the necessary clearance, and 
for drilling steel a small amount of top rake. An oil tube D, 
bedded in the shank, supplies the lubricant to the cutting edge. 
For this class of drilling it is usual to rotate the work to a sta- 
tionary drill. The feed, however, is usually given the drill. For 
the drilling of deep holes of large diameter, the drills used have 
an inserted cutter which can be removed for grinding and set 
out to compensate for wear. 
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Spotting and facing of small surfaces is usually accomplished 
with a counter boring tool of the class shown in Fig. 555. In 
this tool the cutter is held in place by the small screw in the end 
of the teat. The teat bushings are removable, several sizes being* 
furnished with each counter bore. For special work it is advis- 
able to have a separate counter bore for each piece. Thev should 
be made of tool steel and the teat or pilot point hardened after the 



tool is finished. A plain mortise through the stock with a small 
set screw in the center of the teat is a satisfactory method of 
holding the cutting blade. By reversing the blade this tool is 
also well suited for back facing operations. 

In Fig. 556 is shown the usual method of doing this work. 
The character of the work is such that the face F cannot be ma- 
chined from the inside. The counter bore B should lie made to 
fit nicely in the hole and it is also advisable to mill away some of 



the stock D D on the side of the cutter, in order to give a clean 
cutting edge close down to the bar. A set screw S, or some 
other means must be provided for pi'eventing the bar from draw- 
ing out of the socket. 

When large holes are to be drilled in plates, the twist drill 
is not well adapted, since its point strikes through before the 
land enters the full size hole, thus leaving nothing to support 
the cutting edges. It is also necessary for the drill to reduce to 
chips all the stock removed. For this work the annular or sweep 
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drill is well adapted. Such a tool is shown in Fig. 557. The 
head H carries two cutters C C and the pilot P. The small hole 
for the pilot is first drilled, after which the tool shown sweeps 
out the balance of the stock with the least possible amount of 
cutting duty. 

When a large hole of considerable length is to be drilled it 
is good ‘practice to drill a small lead hole the required depth first. 
This not only aids in starting the large drill true, but prevents 
the grinding action on the inefficient cutting edge, at the end of 
the web. In cases of this kind and for ‘the enlarging of cored 
holes, the three-flute drill is superior to the ordinary form. 

For the handling of work on the table of the gang drill where 
it is necessary to move the work from spindle to spindle, some 



form of universal vise or chuck, that will permit the work to read- 
ily center, must be employed. If the operations require but little 
power and consequently cause only a slight turning effort, the 
work can be held in a drilling vise and moved to the spindles, 
the operator centering and holding it while the work is done. 

. On heavier work, however, and in cases where all spindles are 
operating at the same time a special arrangement must be em- 
ployed. 

Take for example the' finishing of the collar shown in Fig. 
558, which is regularly a turret lathe job. The guide shown 
in Fig. 559- is the same length as, and secured to the table in such 
a position that the center line A B is in the plane of the spindles. 
The chuck or vise foriiolding the work is fastened to, or made 
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a part of the slide, shown in Fig. 560. This slide fits over the 
guide, Fig. 559. The work is secured to the upper half of the 
slide which due to the two motions readily centers itself under 



FIG. 558. 


the spindle. After the first spindle has performed its operation the 
slide is moved along the guide to the next spindle and another 
slide with another piece of work is put on the guide and brought 



1 
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fig. 559. 


to the first spindle. After each operation the work is moved to 
the next si:)indle and when finished the slide is taken off the end 
of the guide, and returned to the starting end for another piece. 
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In this inaiiner several spindles are kept busy, each doing* its 
particular work. 

In the present example, Fig. 558, the chuck used can be made 
as shown in Fig. 561. The ring R is secured to the top of the slide, 
and the work W gripped by the three set screws S S S. In 
removing the work, but one of these screws is loosened. The 
work is put in with the top face F down. The first spindle car- 



ries a three-fluted drill 1-64 inch under the finished diameter of 
the hole. The second spindle carries a reamer which sizes and 
finishes the hole. The third spindle carries the facing head 
shown in Fig. 562, which consists of a cast iron head H with the 
hardened and ground pilot pin P and the inserted cutter with a 
cutting edge at C which sweeps the face E of the work, leaving 
it smooth and true. By grinding the cutting edge perfectly par- 
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allel to the opposite edge of the cutter and securing it squarely 
against the seat S in the head this tool will face square. The 
work is now removed from the chuck, the upper half of the slide 
taken off, and the fixture X shown in Fig. 563 put on. P is a hard- 
ened pilot, the upper end of which is made into an expanding- 
chuck, as shown. The frame Y Y has a bearing fit at S S on the 
pilot post and is threaded on the nose of the spindle. A turning- 
tool T and a facing cutter C are secured in the proper positions 
in the frame. The work is secured to the post as shown with 
the unfinished face F up. The downward feed of the spindle 
first turns and then faces the work. 

The above example, although involving simple operations 
on a very plain piece of work, serves to illustrate how many pieces 
of work can be put on a gang drill and produced at a much lower 
cost than is possible on a single spindle turret machine. 

Small pulleys, cones and plain work up to 6 and 8 inches in 
diameter can be advantageous!}^ bored and turned by the above 
method in the drilling machine, when they can be gripped suffici- 
ently rigid by the bore. When that cannot be done the arrange- 
ment shown in Fig. 372 can be applied and the work rotated to a 
stationary cutter. 

The boring and reaming of large parallel holes in the drilling 
machine is accomplished in a very satisfactory manner by the 
method shown in Fig. 564. In this case a 534 dnch cylinder 14 
inches long is accurately bored in the heavy standard pattern 
32-inch upright drill, showm in Fig. 532. As the bottom of the 
engine bed shown is closed an extended boring bar cannot be used, 
The work is squared up on the machine table T and firmly clamp- 
ed ; an arm xA. supporting the upper end of the work. The yoke Y is 
bolted to the table and extends into the work through an opening 
in the side. This yoke carries a pilot bar P which fits in a tap- 
ered bearing at E. The boring bar B threads on the nose of the 
spindle and has a reamed hole FI through it to receive the pilot 
bar P. The cutters C C are secured in the end of the bar and 
rough out the stock at the first passage through the bore. Sizing 
cutters are next substituted for C C and the bore bi*ought to 
reaming size. At the end of this cut the facing cutter F which 
is secured in the head of the bar, as shown, is carried down and 
the end of the cylinder faced by a sweep cut. 

The construction of the end of the bar is such that the cut- 
ters C C and the sizing cutters can be changed without altering 
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their dimensions. This is especially important with the sizing- 
cutter, as it will carry through several bores without regrincling. 
The pilot bar P is now taken out and an inserted blade reamer 



secured on the end of the boring bar is floated through the bore 
leaving it smooth, round and parallel. 

The reamer used on the above work comes from the shop of 
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the B. F. Barnes Company, and its size retaining features are of 
special interest. 

It is shown in Fig. 565. The cutters, one of which is shown 
at A and B, are inserted in the head, as shown. The shank of 
each cutter is tapered and drawn firmly to its seat by the bolt 
shown in B. The cutter disc corresponds to one thread of a 
coarse pitch square thread screw, a portion of which is ground 
away, as shown at C. In obtaining the required size, the cut- 
ters are numbered, hardened and fitted in the head. The head 
is then placed on a mandrel between centers in the grinding ma- 
chine and the cutters ground to the circle D D of the exact di- 
ameter required. They are then removed and each cutter ground 



to the diameter E E, and replaced in the head, each cutter in its 
respective bearing as indicated by the numbers. This is im- 
portant inasniuch as the locations of the bearings vary somewhat 
and consequently all the cutters are not of the same diameter. 

The cutting edge can be set to a line across the face of the 
head and by grinding from the face X only in sharpening, the 
exact diameter of the tool can be maintained until the cutters 
are entirely ground away. By keeping a record of the diameter 
of each cutter, others can be made at any time without the ne- 
cessity of the first grinding operation above referred to. The 
objection to this tool is its comparatively short cutting edges. 
It is only adapted to reamers of the larger sizes, as enough cutters 
cannot be put in a head of small diameter. 



CHAPTER XXVIIL 


GRINDING MACHINES AND GRINDING. 

Grinding operations in the machine shop depend upon the 
abrasive or cutting qualities of stone, emery, corundum, and car- 
borundum, when suitably held and presented to the work. The 
use of the solid grinding wheel has made it possible to attain 
many refinements in machine construction that would have been 



]?rG. 566. 


impossible without it. It has made it practical to economically 
finish parts in hardened steel that could not possibly be machined 
with cutting tools in the lathe or planer; and on the softer 
materials, surfaces smoother and truer can be obtained by grind- 
ing than by any other method. 

Grinding operations may be divided into the following class!- 
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fications : ist, hand grinding ; 2d, tool and cutter grinding ; 3d^ 
cylindrical grinding; 4th, surface grinding. Hand grinding in- 
cludes all the grinding operations in which the work is held to the 
wheel by hand or with a rest, as in rough grinding, ordinary 
lathe tool grinding, buffing and polishing. The class of machine 
used for this work is of the simplest form, consisting of the 
wheel-carrying spindle mounted in suitable bearings on a sub- 
stantial head or pedestal. In Fig. 566 is shown a simple grind- 
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ing stand, designed to carry two wheels. It is provided with ad- 
justable rests upon which the work being ground is steadied. 
This grinder is intended for dry grinding of the rough and heavy 
class, where there is little danger of heating the work. 

When tempered work is to be ground, or any class of work 
that would be injured by heating, a wet grinder of the class shown 
in Fig. 567 is used. With tools of this class a supply of water is 
delivered constantly to the rim of the wheel, thus keeping the 
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work cool. Fig. 568 shows a buffing head or spindle. The 
spindle extends well out from its bearings for convenience in 
handling the ‘work being operated upon. These spindles are 
fitted to receive wheels of wood, leather, or cloth, which are 
charged with the emery or other grinding material. The work 
is held to the wheel without the aid of a rest. 

Tool and cutter grinding requires a better class of grinding 
machinery than is required for the hand-grinding operations. 
What is here referred to as tools does not include the ordinary 
hand and lathe tools, commonly ground on the machine shown in 
567, but refers to drills, reamers, milling cutters, and the 
finest class of tools. Fig. 569 illustrates a universal cutter and 



reamer grinder. As the name implies these tools are provided 
with all the necessary adjustments and attachments for grinding 
the cutting edges of all classes of reamers and milling cutters, 
and in many cases may be used for doing a limited amount of 
cylindrical grinding both internal and external. A much simpler 
machine, shown in Fig. 570, constitutes a very satisfactory cutter 
grinder of small proportions. By the use of the swivel head 
shown, cutters of all angles may be readily ground, and by plac- 
ing centers on the slide which is operated by the lever shown 
under the table, reamers up to the capacity of the machine may 
be ground. 

The extensive use of the rotating cutter in machining opera- 
tions and the necessity of keeping these cutters true and sharp 
makes necessary the use of the cutter grinder whenever this class 
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of tools are used. In the grinding of cutters care and judgment 
must be exercised and not until the operator has become thoi- 
oughly familiar with all the setting combinations of the machine 
can he expect to get the best results. 

As water is not used on the wheels of cutter grinders and 
the wheels are for this work usually quite hard and fine, light cuts 
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must be taken in order not to draw the temper of the tool at its 
cutting edge. The cutter support should be adjusted to bear 
against the tooth being sharpened and its position relative to the 
wheel should be such as to give the necessary amount of clear- 
ance to the cutting edge. 

Polishing and buffing operations involve the removal by a 
grinding process of a small part of the work surface, the grind- 
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ing inaterial used being of such a fine character as to leave 
a smooth,, highly-finished surface. This class of work is Usually 
done on the buffing spindle shown in Fig. 568. Buffing does 
not leave a true surface and is consequently confined strictly to 
polishing work. 

The grinding of twist drills is a very particular operation, 
requiring a skillful operator, if performed by hand. In Fig. 571 
is shown a twist-drill grinder in which the twist drills may be 
ground with the assurance that the angle and clearance will be 
correct and equal on both sides. 

In the machine shown, the construction is such that drills of 
any diameter within the limits of the machine may be ground 
with but one preliminary adjustment for each size. 

Unfortunately a twist drill can be ground by hand on a plain 
emery wheel, which fact keeps the twist drill grinder out of many 
shops where its use would add materially to the efficiency of the 
drilling equipment. Correctly ground drills cut faster, stand up 
longer between grindings and produce the proper size of hole, 
A correctly-ground drill seldom breaks, as it cuts freely ahead of 
its feed and does not scrape and jam, as is the case when clear- 
ance and angle are wrong. 

Grinding machines for the grinding of common forged lathe 
and planer tools are manufactured, and in shops where large 
numbers of forged tools are used have proved very efficient. In 
the working of these grinders the tool is clamped in a suitable 
head and presented to the emery wheel at the proper rake and 
clearance angles. 

Cylindrical grinding as a class, covers all forms of grinding 
operations upon external and internal cylindrical surfaces. The 
universal grinding machine, or, as it is sometimes termed, grind- 
ing lathe, shown in Fig. 572, is specially adapted to this very ex- 
acting class of work. All machines of this class consist of a 
swivel table carrying a suitable head and tail stock, and of a 
wheel stand carrying the grinding wheel. The arrangement of 
parts is such that either the wheel stand is given the feeding mo- 
tion past a stationary table or the platen is given the feed past 
the wheel. The adjustments are 'such that the wheel can be set 
in or away from the line of the work center, or can be turned to 
stand at any desired angle with the line of the feed travel, which 
is necessary for face and steep angle grinding. The swivel table 
can be set at an angle with its travel, or the line of travel of the 



GRINDING MACHINES AND GRINDING. 429 

wheel where the table is stationary, thus making possible the 
grinding* of long tapers. For internal grinding, a small spindle, 
run at a high rate of speed and carrying an emery wheel small 
enough in diameter to operate in the bore to be ground, is used. 
These machines are provided with suitable pumps for supplying 
an abundance of water to the wheel and work, when the character 
of the work is such as to require it. As these machines are ex- 
pected to produce work smooth and cylindrically true, .they are 
most carefully built, and should embody all the refinements known 
ill machine tool construction. The spindle for carrying the emery 
wheel is perfectly balanced and runs in very close-fitting boxes, 
as any slack in the 'bearings or lack of balance proves fatal to the 
production of correct results. Provisions are made for rotating 
the work, when held between dead centers, with a spring tension 
adjustment on the tail center, thus reducing the danger due to 
expansion and the unequal wearing of the center bearings. The 
screw adjustment for setting the wheel up to work is graduated 
to thousands of an inch, thus forming an excellent guide in de- 
termining the amount of stock removed. 

The application of an automatic cross feed to the wheel stand 
is a valuable addition to the plain and universal machines, as it 
advances the wheel to the work by fixed amounts at the begin- 
ning of each cut, thus making the conditions more uniform and 
requiring less attention on the part of the operator. The amount 
of feed for each passage of the wheel over the work can be varied 
to suit the condition. A feed as fine as of ob- 
tained, which would reduce the work of fT/mr passage 

of the wheel across it. An automatic stop throws out the feed 
when the wheel has advanced the required amount. As this 
mechanism is necessarily very sensitive and delicate it must be 
kept perfectly clean and well lubricated. 

Plain grinding machines are in many respects similar to the 
universal machines. As they are, however, used for straight 
cylindrical and long tapered work, many of the universal features 
are dispensed with, making them strictly a manufacturers’ ma- 
chine. 

The wheel for any class , of grinding should be properly 
adapted to its work as to shape, grade, and hardness. The shape 
and character of the work determine in any case the shape of the 
wheel to use; while. the material of which the work is composed, 
the amount of metal to be removed, and the condition of the 
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liiiislicd surfaces nuist determine the quality of the wheel. Emery 
and other wheels of that class are composed of two elements — 
the abrasive and the cementing materials. The cement — as clay, . 
glue, or rubber — holds together the grains of emery, and in use 
as the grains become worn and dulled, they break away from ' 
their settings in the cement, and fresh grains are uncovered to 
go on with the cutting process. If this breaking down process 
is comparative!}^ rapid, the wheel cuts very freely, but reduces in 
diameter correspondingly fast. If the cement, on the other hand, 
does not give up the worn g’rains of emery, the wheel glazes, cuts 
slowly, and heats the work. The surface velocity of the wheel 
should be correct for the different classes of work and grade of 
wheel. The wheel is ordinarily most efficient just before it stops 
breaking away and begins to glaze. Up to tliis point, the higher 
the speed the more metal it will remove in a given length of 
time. When run at lower speed, it cuts somewhat easier, and 
does not heat the work as badly. Glazing is usually prevented 
by reducing the speed. Soft wheels stand up better at high, 
than at low speeds. The wider the faces of the wheel presented 
to the work, the more cutting surface, and the faster the metal 
is ground away. The feeds must be correspondingly coarse. 
The wider-faced wheels should be comparatively soft, and as the 
face reduces in wddth the wheel should increase in hardness. 

The surface speed of the work should be proportionate to 
the speed of the wheel, and in any case should be sufficiently slow 
to allow the wheel ample time to cut away the metal without 
crowding, as otherwise the work is sprung away from the wheel 
more or less, and untrue work results. 

A free cutting wdieel, run at the proper speed and with a light 
cut, is best for accurate grinding, as it removes the metal without 
pressure and consequently cuts the high spots most and does 
not heat up the work. It is, however, necessary on very accurate 
work to use water on the wheel, as a slight change of tempera- 
ture affects the work noticeably. When long cuts are to be taken, 
it is sometimes difficult to get the wheel to stand up so as to give 
a parallel cut. In such cases, the wheel must be properly adapted, 
and each grain of einery must cut as long as possible before drop- 
ping out. . As the harder wheels hold the emery longer, and can 
be run somewhat slower, they are best adapted to this condition. 
The wheel should have a wide face, and should be of large diam- 
eter, so as to present as many grains of the abrasive as possible 
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to perform the required work. It is also necessary to use the 
coarser feed and light cuts in order that the wheel may cover 
the entire surface before it drops materially in diameter. The 
direction of feed is changed for each time over the work, which 
also tends to even up the wear on the wheel. 

All manufacturers of grinding wheels, however, give a table 
of speeds for the ditferent diameter of wheels they manufacture, 
but these speeds are not always best suited to the work. All 
wheels should fit easily, yet closely, on their spindle to prevent 
danger from cracking, and a soft washer of uniform thickness 
should be placed between the sides of the wheel and the clamp- 
ing washer. The wheel should be firmly clamped and trued be- 
fore using. Manufacturers test all wheels by running them 
at a speed considerably above their rated speed. 

In the grinding of long work it is quite necessary to support 
it at one or more points between its end bearings, as otherwise 
it will spring and chatter, making true smooth work impossible. 
For this purpose, suitable steady and follow rests are provided 
with the machine. 

In Fig. 573 is illustrated the method of grinding slight tapers 
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in tlie universal or plain grinding- machines. ^ By means of a 
screw and graduation at the end of the table it is swiveled to the 
required angle with the line of travel of the slide. In this man- 
ner tapers up to or 2 inches per foot may be ground. When 
a steeper taper is required it can be obtained in the universal ma- 
chine by setting the wheel slide to the required angle, as shown 
in Fig. 574. In this particular case, two tapers, one of 45 de- 
grees and one of 5 degrees are required on the work. By swing- 



ing the swivel table to S degrees from the line of its travel the 
.slight taper can be ground by the travel of the table past the w lee . 
By setting the wheel slide to 50 degrees, as shown, the steep 
taper is ground by operating the wheel slide, the swivel table re- 
maining stationary. If but the 45 degree taper was required, the 
table would be left central, and the wheel slide set to 45 degrees. 
As shown in the cut, the corner of the wheel is dressed to give 
a cutting face of suitable width. 



GRINDING MACHINES AND GRINDING. 


433 


In Fig. 575 is shown the usual method of face grinding. The 
work is held in the chuck or on a face plate as shown. If the 
face is to be a plane surface, the head spindle axis is set at right 
angles to the wheel spindle. By varying this angle concave or 
convex, conical surfaces may be obtained. 

In Fig, 576 is shown the method of grinding internal surfaces 



with the internal fixture. The example given serves to illustrate^ 
as in Fig, 574, the settings for both slight and steep tapers. The 
small taper is obtained by setting the swing table to the required 
angle with the travel of the table slide and the steep taper, by 
using the wheel slide set to give the wheel the required line of 
travel. It will be noted that in using the internal grinding fix- 
ture, the position of the wheel table is reversed from its universal 
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position and the fixture secured to the end o-f the table. A belt- 
ing jack is substituted for the emery wheel spindle and the spindle 
of the internal fixture driven by a light canvas belt from the jack. 

Although the spindle of the internal grinding fixture is driven 
at a very high speed, the diameters of the wheels used are so small 
that it is not possible to obtain a periphery speed as high as would- 



be desired. It therefore is necessary to use a free cutting wheel 
and to rotate the work to it at a comparatively slow speed. 

On these machines all work and wheel settings are to care- 
fully graduated arcs. These graduations cannot, however, be 
relied upon for exact settings within the accuracy limit of the 
machine. If, for example, the machine is set for parallel grind- 
ing on a certain class of work, the head stock is undamped and 
the spindle thrown out of parallel 'with the table's line of travel r 
it will be found practically impossible to set the head back to its. 
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original position, sufficiently close to make the machine grind 
parallel again. In fact, so minute are the variations that the wheel 
will detect that the unclamping of the tail stock, moving it out of 
position and then back will show an unparallel condition of the 
work. It therefore becomes necessary after each setting of head 
or tail stock to readjust the work table by means of the end ad- 
justing screw in order that the line of rotation may be brought 
parallel with the line of motion of the table slide. 

Surface grinding bears the same relation to planing that cyl- 



indrical grinding does to turning. The surface grinders use the 
same form of wheels as the cylindrical grinding machines. The 
work, however, is secured to the work table, which is fed under 
or over the wheel. In Fig, 577 is shown a surface grinding ma- 
chine. The construction of the machine is clearly shown. The 
wheel is adjustable vertically to give depth of cut, the arrange- 
ment of pulleys being such , as to give constant tension on the 
belt for all positions of the wheel. The cross feed is obtained 
by moving the table toward or away from the housings on suit- 
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able cross slides. Provisions are made for supplying water to 
the wheel when necessary. 

In Fig. 578 is shown a plain grinder provided with a surface 
grinding plate. In this case the wheel projects above the surface 
of the plate only the amount of the cut required, and the work is 
passed over it by hand. To give satisfactory results, the spindle 
and its bearing should be first class, and the wheel in perfect bal- 
ance. A grinder of this class is a most satisfactory tool for 



FIG. 578. 

smoothing and polishing surfaces where finish and not truth is 
required. A more refined grinder, somewhat after the same 
order, and known as a disc grinder is shown in Fig. 579. These 
are very nicely constructed grinders in which the grinding is 
done by sheet emery glued to the faces of the discs. The rests 
swing across the face of the disc, the work being held on top of 
the rest. For the finishing of one or more plane surfaces on 
small parts, this tool is very w'ell adapted. 
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In Fig. 580 is shown a form of portable hand emery grinder 
driven by a rope transmission through a flexible shaft. These 
grinders arc very satisfactory tools for the grinding of heavy 
castings that cannot be held to a wheel. 

For truing the emery wheels used on the ' better classes of 
grinding machinery nothing but a black diamond truer is suitable. 
Such a tool is shown in Fig. 581. The diamond is mounted in 
the end of the round steel holder, as shown. The round holder 



FIG. 579. 


enables the stone to lie presented to the wheel in various posi- 
tions, so as to bring the several cutting points of the stone into 
action. As the diamond is harder than the emery, it actually cuts 
the wheel away. 

A suitable fixture is usually provided for holding the truer 
in such a manner that it can lie passed squarely by the part of the 
wheel being trued. AVater should be used on the wheel in truc- 
ing and the .cuts should be light in order to obtain good results 
and to preserve the diamond. 

For the coarser wheels, dressers of the character of the one 
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shown in Fig. 582 are used. Several forms of discs are used. 
The discs are made of hard steel or chilled iron and turn freely 
upon a pin. In their action the teeth of the discs break up the 
surface of the wheel as they roll together and dislodge the high 
particles of the wheel by a picking action. 

Lapping is a refined grinding process used for the final finish- 
ing of machine ground surfaces, usually of hardene'd steel. A 
lap is usually made of cast iron, copper or lead, the surface being 



coated with very fine washed emery. In Fig. 583 is shown a 
form of lap well suited to the finishing of cylindrical surfaces. 
The body of the lap is of cast iron with lead or copper strips 
a a a a extending through it. These soft strips serve to hold the 
emery better than a harder material. By slightly reducing the 
diameter of the lap by^ means of the thumb screw, as the grind- 
ing proceeds, the work may be brought to the required size. In 
its use, the work is usually rotated at a comparatively liigh speed, 
and the lap held by the hand. By moving it slowly from end to 
end of the surface being finished, parallel work can be obtained. 
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It is in this manner that hardened steel plugs receive their final 
-sizing. 

For the finishing of bores the same general method is em- 
ployed. A plug, preferably with the lead or copper strips, 
■so constructed that it can be slightly expanded, is the form usual- 
ly employed. In Fig. 584 is shown a form. well suited to most 
^classes of work. It is preferably of cast iron but may be made 
4Di soft steel. The slot is cut through and the wedges w w serve to 
^dve the slight expansion necessary. 

For the lapping of flat surfaces, a cast iron plate drilled full 
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■of holes with plugs of lead or copper inserted and the surface 
then planed as true as possible can be used. This surface is 
■charged with emery and oil and the work rubbed over it, the di- 
rection of motion and part of the surface used, being constantly 
■clianged in order to wear the lap equally all over. 

Although it is impossible to give any fixed rule for the cor- 
rect periphery speed of emery wheels of diffei'ent makes and for 
-varying service, the tables given in Chapter XX'XIV. will serve 
as suitable guides. 


CHAPTER XXIX, 


HARDENING AND TEMPERING. 

The hardening and tempering of tool steels present many 
problems which can only be solved by a wide and varied experi- 
ence at the temperer s forge. The simpler cases are mastered 
with little trouble, but when it comes to the tempering of difficult 
and expensive pieces the trained judgment of the expert temperer 
is usually sought. 

Hardening and tempering of steel brings about such a change 
in its physical condition that it may be used in places where cut- 
ting edges, resistance against wear and elasticity are required. 

The hardening and tempering of steel are two quite different 
things • although often referi'ed to as the same. By hardening 
we change the physical condition of the steel, transforming it 
from a relatively soft material to a*n exceedingly hard one and at 
the same time, rendering it brittle and weak. By tempering we 
reduce the hardness to the degree required for performing the' 
W' ork it is intended for, and in so doing restore much^ of its origi- 
nal strength and toughness. For tempering it is. therefore neces- 
sary that a degree of hardness equal to or, gi'eater* than that re- 
quired must first be given the steel. 

The amount ’of carbon contained in a piece of steel determines, 
its temper. The more carbon, the higher the temper. Thus. 
1% per cent of carbon makes a steel capable of very. high temp- 
ers, such as are required for the turning of chilled rolls and other 
very hard materials.. One per cent is the amount usual wlieii’ 
the steel is used for the more common tools, as’ cold chisels,, 
drifts, etc. Lathe tools, milling cutters, taps, drills, and reamers 
come between these two limits. In general, the more the carbon, 
the greater the care required in the heating and handling of the 
steel. A 1 % per cent carbon steel burns very easily while a one 
per cent steel can be heated with little danger from this source. 

Cutting tools that are forged to* shape are given a short 
temper ; that is only a short portion at the cutting edge is made 
hard, the balance of the tool being left tough to support the cut- 
ting edge, and when that edge is worn or ground back into tbe 
softer part the tool is redressed and retempered. "When, as with 
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a drill or milling cutter, the tool must be repeatedly sharpened 
until worn completely out without retempering, it is necessary 
to harden it through and then draw down for toughness as far as 
the character of the tool will permit. Cutters, reamers and 
mandrels of comparatively large diameter are usually given a 
hard surface temper, leaving the core soft. 

When a piece of steel is of sufficiently high temper to be used 
as a metal cutting tool it is too hard to permit of any bending. 
By drawing the temper sufficiently low, however, the steel gains 
in toughness at the expense of its hardness and what is termed a 
spring temper is obtained. 

The tempering of steel machine parts to make them resist 
wear is frequently necessary. The higher the temper the better 
the wear reducing quality ; the hardness, however, being limited 
ty the strength required. 

The manufacturers of tool steels usually prefer to recommend 
the grade and temper of steel for any specific purpose. In gen- 
eral, the higher the carbon the finer the steel, but not necessarily 
the better for many classes of work. For general purposes a 
^rade of steel of medium temper costing about twelve cents per 
pound, as ■ furnished by any of the reputable makers, will be 
found satisfactory. The extra qualities at i 6 to 20 cents per 
pound are suitable for the most exacting requirements, while a 
lower grade at eight cents can be used for the’ less important work. 
IF'or many machinery parts, when a temper to resist wear only is 
required, the lowest grades of tool steel or even machinery Steel 
..can be used. The latter is not considered as a tempering steel, 
lout can be somewhat hardened by tempering methods; and can 
Toe given a hard surface by case hardening. There are many 
special grades of steel running much higher in price; their uses 
loeing restricted, to certain lines. 

The heating of steel may be classed under three distinct heads ; 
first, for forging; second, hardening, and third, for tempering. 
For forging, a clean, thick fire should be used with a steady blast, 
so regulated as to give a uniform heat to the work. It is very 
important that the work he heated uniformly and at the same time 
it is advisable to get this heat as quickly as possible, as it usually 
injures the quality of the steel to leave it too long in the fire. 

If the steel is not uniformly heated, the forging produces sur- 
face cracks, makes the grain of the steel coarse and is otherwise 
injurious. Heavy forging at moderate heats refines and improves 
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the quality of the steel. In hardening, a coke, charcoal or gas 
hre should be used for heating the steel. The blast should be 
moderate in order to raise the temperature uniformly and without 
overheating corners and delicate cutting edges. The heat should 
be the lowest possible at which the steel will properly harden. 
Too high a heat injures the quality of the steel and increases 
the strains and consequent chances for cracking. An uneven 
heat is also very apt to produce excessive strains and cracks, when 
the steel is quenched. 

For small fiat pieces the heating is frequently done in the open 
Fame of a gas or charcoal fire. A level charcoal fire with a dis- 
tributed blast is much used for heating thin work, as for example, 
metal saws, gear cutters and similar work which can be laid fiat 
on the surface of the fire. A fire of this kind is also suitable for 
heating small round work. When the work is long and com- 
paratively small in diameter a muffier is often used. This may 
consist of a piece- of pipe buried in the fire and heated to a bright 
red. The work is held in the center of the pipe and by constant* 
ly rotating it a very uniform heat is obtained. " 

The heating of work for hardening in melted lead or a fiux 
of salt and c_vanide of potassium is extensively employed by many 
manufacturers of small tools. In each case the method is similar. 
A deep cast iron pot of from four to six inches diameter is placed 
in a special furnace where a suitably regulated fire can be main- 
tained under and around it. This pot is filled to within a few 
inches of the top with lead. By a proper regulation of the fire 
the temperature of the lead is maintained at the point it is desired 
to heat the steel to. To prevent the oxidation and resulting waste 
of the lead its surface should be covered with powdered charcoal. 
A study of the appearance of the surface of the lead provides a 
reliable means of determining the proper heat. It is quite pos- 
sible to obtain a temperature of the lead sufficiently high to injure 
a high carbon steel ; care must therefore be taken in the matter of 
regulating the heat. 

The article to be hardened is immersed in the lead and allowed 
to remain until it has acquired, throughout its entire body, the 
same temperature as the lead. It is evident that all parts of the 
work surface are subject to the same degree of heat, which insures 
the greatest uniformity in its heating. 

After heating, the hardness is obtained by quickly cooling the 
steel. The usual method is to plunge it into cold water, brine or 
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oil, immediately after taking it from the fire. This sudden cool- 
ing of the steel is necessary, and the success of tempering depends 
very largely upon the manner in which it is done. The shape and 
character of the work must in every case determine the manner 
in which the steel is presented to the cooling bath. Salt added to 
the water in which the quenching is performed intensifies the 
hardening effect. If the body of steel is large, a large volume of 
cooling* solution is necessary. 

■ When the work is of a bulky character, that part which first 
enters the cooling bath is quite apt to harden better than the top, 
inasmuch as the boiling action prevents the water from coming in 
actual contact with the surface longer at the upper parts of the 
work than at the lower. For this reason, on heavy work, a large 
jet of water is frequently forced against the upper portion of 
the work. 

Cooling in oil is for many classes of work considered superior 
to water or brine. In its softer action and more rapid conduction 
of the heat from the steel, lie the advantages in oil quenching. 
Sperm or cottonseed oils are those usually eniplo3'‘ed. In using 
the fish oils, some means of ventilating that will carry away the 
disagreeable odor should be employed. Springs of all classes 
arc usually hardened in oil. 

When the lead bath is used for heating more or less of the 
lead and its dross will adhere to the work if it is put in dry. By 
covering the work with a thiii coating of soft soap before im- 
mersing it, a thin charred covering will form over the surface of 
the steel which prevents the lead from adhering to it when re- 
moved from the bath. By first plunging the work into a brine 
solution this coating is removed, leaving a clear gray surface on 
the work. 

When the workman is not familiar with the hardening of a 
particular brand of steel from which some expensive tool is made, 
it is usually advisable for him to experiment upon a small piece 
from the same bar and thus determine the lowest heat at which 
the steel will properly harden. It is important that the article 
hardens on the first heat as reheating is quite apt to injure the 
quality of the steel and adds to the possibility of loss by cracking. 

Braving hardened the work to a degree considerably beyond 
that required, it is then necessary to temper it, which involves 
the reduction of the hardness to the point necessary for the work 
required of. the tool. The tempering of steel is accomplished by 
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gradually raising its temperature until the hardness has drawn or 
let down to the required point, when plunging the steel into water 
fixes the hardness. When the temperature has reached about 
600 degrees Fahrenheit the hardness has been drawn down 
through the several points at which cutting tools for the various 
uses are tempered. If the rise in temperature continues past this 
point the hardness continues to disappear in proportion to the 
amount of heat given it. When a red heat is reached it has lost 
all the hardness given it in the hardening process and is again 
back to its normally soft condition. 

The correct tempering of a piece of hardened steel for any 
class of work must therefore depend upon the workman’s ability 
to raise the temperature to the proper degree before cooling. 
This he accomplishes by one of two methods ; first by actually 
measuring the temperature with a thermometer and second, by 
what is known as the color method. Except in cases where tem- 
pering is done in a manufacturing way the latter method is the 
one always employed. 

An understanding of the colors, the corresponding tempera- 
tures and the relation between color and hardness are quite 
necessary. Lathe and planer tools are given a hard temper. Their 
color is a straw yellow, which comes at a temperature of 460 de- 
grees. A brown yellow at 500 degrees is used for milling cut- 
ters, taps, dies, and reamers. Light purple at 530 degrees is 
about right for twist drills and wood working tools ancl dark 
purple at 550 to a dark blue at 570 degrees is usual for cold 
chisels, screw drivers, and wood saws. 

In determining the proper temper by means of a thermometer 
the following method is employed: Take for example the tem- 
pering of a quantity of small taps. Having been properly hard- 
ened they are placed in a wire basket and the entire mass sus- 
pended in an iron vessel filled with sperm oil. The vessel is 
covered with a closely fitting cover having a hole through the 
top sufficiently large to permit the stem of a thermometer, which 
is in the oil, to extend through for reading. As the tempera- 
tures required are considerably below the boiling point of mer- 
cury, a mercurial thermometer having the necessary range may 
be employed for determining proper temperatures. It is neces- 
sary to cover the oil closely, as otherwise it would flash up at 
the high temperatures employed. FI eat is applied to the bottom 
of the vessel and the temperature of the oil and the articles in it 
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|:!f/achialh^ raised until, in the present example, the thermometer 
iudicates a temperature of 500 degrees. In order to obtain a 
perfectly even temperature in the oil it is advisable to arrange 
for some means of stirring it while the heat is being applied. 
The ])asket and its contents are taken out when this point is 
reachcMl and immersed in cold water with the assurance that a 
uniform teni])er has been obtained in the entire batch. 

In tempering by color, the article after being* hardened is made 
bright by grinding nr buffing. Taps* and reamers for example 
are, after hardening and before tempering, ground in the flutes, 
thus leaving bright surfaces to show the run of the color. The 
article is then held over the fire, being constantly turned in such 
a manner that all parts are equally exposed to the heat. The 
raising of the temperature should be gradual and the surface 
-closely watched for the first show of color. The color will start 
with a verydight tinge of yellow which gradually changes into 
a straw yellow and next into the brownish yellow. If it is a 
ta]) or a reamer it is quickly immersed in cold water just as the 
yellow blends into the brown. If it was, for example, a cold 
chisel, the colors would he allowed to run from the yellow through 
the ])ttrt)les and into the dark blue. 

y\s is the case when heating for hardening*, difficult work, 
especially if hmg, can usually be heated for tempering in a muffler 
to very good advantage. 

An excellent method of heating for tempering small tools, as 
laps, reamers, cutters, etc., is in a bath of sand. A suitable tray 
covered with al)out one inch of pure white sand supported over a 
iicries of gas burners is employed. By first burning* all the imi- 
purities out of the sand false colors will not be shown on the 
articles being tcniiperecl. The article, if small or thin, can be 
laid on the top of the sand, but if larger, it should be buried in 
it, only a small part of the surface being exposed to show the 
starting of the color. 

In the tempering of a piece of steel, the strains are such that 
the form of the article usually undergoes a change. This may 
occur in either the hardening or the tempering or both. In such 
tools as milling cutters and reamers which receive their final 
finishing by grinding after they are tempered slight changes in 
form arc not troublesome. With long taps, drills, formed cut-* 
ters, etc., it becomes a more serious question. Take, for ex- 
ample, a stay bolt tap two feet long. Although the greatest care 
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is exercised in tempering, it usually comes out badly bent. In 
straightening work of this kind it is necessary to heat it up 
very nearly to its temper point, place it between a pair of centers,, 
revolve it quickly by drawing the hand over it and note with a 
piece of chalk the high point or belly. Place it with the belly 
down and by means of a lever or small jack having a quick pitch 
screw, spring the work in the direction opposite to its curvature 
and beyond its proper position an amount somewhat greater than 
its temper bend. Hold it in this strained position for a few 
seconds, remove quickly and immerse in cold water. The ex- 
perience gained in a few trials will usually enable the operator to 
successfully straighten work of this character. 

As a general rule it is not advisable to leave tool steel long 
in the fire as ‘‘soaking’^ is usually injurious to its structure. Oc- 
casionally, however, a piece of steel known to be of good quality 
will resist hardening properly when treated by the regular meth- 
ods. In such cases it can usually be hardened if allowed to re- 
main in an even fire and “soak” for a considerable length of time^ 

When a hard surface and soft center are required, as is often 
the case when the tool must stand severe strains and shocks, it is- 
given a quick surface heat, the core remaining comparatively 
cool, and then plunged into the cooling solution. This hardens 
the surface and leaves a soft strong core. Large mandrels, 
punches, dies and articles of that class are usually hardened in 
this manner. 

As the high carbon steels harden at comparatively low heats 
they should never be given a high heat either for forging or hard- 
ening as the dangers of burning them are great. 

Forged articles, as lathe tools and cold chisels, are usually 
hardened and tempered with the same heat. In such cases only 
a small portion at the cutting edge is tempered. It is heated 
for a considerable distance back from the part to be tempered 
and the heat in this portion is used in drawing to temper the 
cutting portion. For example, a cold chisel which should be tem- 
pered for only a short distance back from the point, is given a 
proper heat for hardening at the point and this heat allowed to 
run back two or three inches. In quenching only the point for a 
half inch or so back is immersed and held until the red has nearly 
faded out of the heated portion. It is then removed and the 
bit brightened up, by a few quick strokes over its surface with 
a piece of emery cloth, sand stone or any grinding material at 
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hand. The operator then watches for the color, the heat in the 
balance of the tool being sufficient to draw the point. The straw 
colors will start first and move toward the pointy these will be 
quickly followed by the purples and the blue, and just as the 
required color reaches the point the tool is plunged in the water. 
When too much heat remains in the tool after the hardening of 
the point, the temper draws too fast and the point must be im- 
mersed a second time to check the drawing, as it would not do 
to immerse the whole tool while so much heat remains in it. On 
the other hand if too little heat remains with which to draw the 
temper, it will be necessary to draw in the open fire as above 
explained. 

What are known as tungsten or self-hardening steels have 
come into very general use for machine shop cutting tools which 
require no machine work upon them and little or no forging. 
These steels are produced by adding several per cent of the 
metal tungsten to the carbon steel. This makes a steel possess- 
ing great hardness without the necessity of tempering. It is 
very “short” when heated and requires great care and skill in 
forging. It is usually used in special holders and ground to 
shape without the necessity of forging. After heating for forg- 
ing the steel must be" allowed to cool in the air as immersion in 
water is sure to crack it. It must be nicked on an emery wheel 
and broken to required lengths, as it cannot be cut when cold. 

The demand for high cutting speeds and the comparatively 
recent introduction of high speed cutting steels to meet this re- 
quirement is creating a vast amount of interest. These steels 
are, unlike tungsten steel, capable of annealing and consequently 
can be used for making* tools of finer class, as milling cutters, 
reamers, etc. In some recent experiments by the author with 
“Novo” air-hardening steel, cutting speeds as high as no feet 
per minute at coarse feed and moderate cuts on mild steel forging 
without lubrication, were successfully maintained. Although the 
cutting edge quickly drew to a dark blue it held its keenness for 
an unusual length of time. It is quite evident that for heavy 
roughing work these steels are remarkably well adapted and that 
the rigidity and ordinary spindle speeds of standard engine 
lathes are not sufficient for its most effective use. 

In forging the “Novo” steel it is at all temperatures other 
than a white heat “hot short” and crumbles or crushes away. It 
cannot be burnt and for forging and hardening must be given 
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a uniform white welding' heat. When thus heated, foi haidon^ 
ing”, it is placed immediately under the strongest and coldest au 
blast available and left until quite cold. It is not diawn 01 
tempered after hardening. These steels, although cxtiemcly hau , 
possess reasonable strength. It is advisable, howevei, foi heavy 
work to use as large a bar as possible, not only because bcttei 
support to the cutting edge can be had, but because the huge 
body of steel conducts away the heat caused by the cutting much 
more rapidly than can a small tool. 

The case hardening of iron and mild steel is a process where- 
by the surface of the work is converted into to<jI steel and liaid- 
ened. This is accomplished b}^ heating the work in c<jntacl. 
with a material, rich in carbon, which gives up its earl )on to the 
work. 

When large numbers of pieces are to he case hcardened they 
are packed in an iron box with granulated ra\v1)one and fine 
charcoal mixed in about equal ])ro])ortions. inn* the ravvhoiie 
may be substituted bone black, cliarred leather or some one of 
the various special preparations for this work. Fhe box is sealed 
with an iron cover and lire clay at the joints to exclude^ the air 
and prevent the escape of the gases as far as ])ossil)U‘. It is then 
placed in the furnace and allowed to slowly lieat tij) to a low red 
heat, at which temperature it is maintained for a length ol lime 
depending upon the depth it is desired to convert the surface of 
the work into tool steel. Under fav(.)ral)le conditions the surface 
will harden to a depth of T-32 inch, by heating about two hours; 
i~i6 can be obtained in from five to six hours and by healing 
for eighteen or twenty hours, a hardened surface as thick as 
ivich can be obtained. 

After heating the contents of the box, it is dumped into a tank 
of cooling water preferably of considerable depth, as the articles 
should be well cooled before tlicy reach the liottom. J\y allowing 
the articles to fall a short distance through the air before strik- 
ing the water, the coloring of the surface will he improved. 

When only a few pieces are to he treated, they may‘ he 
heated in an open fire to a Iwight red ; the surfaces to he hard- 
ened then covered with cyanide of potassium and aguiin heated 
before cooling in the water. The thickness of the case hanlencxl 
surface thus obtained is quite thin. Ty several applications of 
the cyanide it can be made sufficiently thick for most recjuire- 
ments. 
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Another and very satisfactory method is to melt in a black lead 
crucible, equal parts of cyanide of potassium and fine salt. 
Ering this up to a bright red heat and immerse the articles to be 
liardened in it, leaving for a length of time depending on the de- 
cree of hardness required. Five to ten minutes will give a thick- 
ness sufficient for all ordinary requirements. 

When finely mottled surfaces are desired, the work should be 
polished and thoroughly cleaned before treating. The blowing of 
air through the cooling water at the time the work is cooled will 
add much to the beauty of the markings on its surface. 



^ CHAPTER XXX. 

FASTENINGS. 

The term ‘fastening’' applies to those devices used by the 
machinist for holding together in their relative positions the 
various elements that make up a machine. Their importance in 
mechanical work cannot be overestimated, and a brief description 
of the more important cases seems advisable. 

With few exceptions, all threaded fastenings use the sharp 
V or United States standard form of thread. In Fig. 585 are 
shown the three forms of machine bolts most used. The manu- 
facturers of machine bolts have adopted the United States stand- 
ard form of thread and as a consequence these bolts run reason- 
ably close to size, but a trifle small. A ^ bolt, for example, will 
pass through a ^ drilled hole. The square head and nut bolt as 
shown at A is most used on general work. When the nut comes 
in a place where it is difficult to get at it with a wrench, the 
hexagon nut is substituted for the square. At B the bolt has. 
both hexagon head and nut, presenting a more finished appear- 
ance. The snap or round head machine bolt is shown at C. It 
differs from the others only in its form of head. Carriage bolts 
are similar as to diameter and form of thread to the machine bolt 
shown at C with the exception of a square under the head which 
prevents them from turning when used in wood. The length of 
this square section is approximately equal to the diameter of the 
bolt. * 

On square and hexagon head machine bolts, the thickness of 
the head is the diameter of the bolt and the thickness of the 
nut is i}i the diameter. The width of the head and nut be- 
tween flats is the diameter of the bolt in both the hexagon 
and square. The width from angle to angle on the hexagon is 
two times the bolt diameter. A table of weights and dimensions 
of machine bolts is given in Chapter XXXIV. 

Turned machine bolts, commonly known as coupling bolts, are 
much used for holding together machine and engine parts. In- 
such cases they fit closely in reamed holes. 

Machine bolts with specially formed heads and nuts are fre- 
quently used. As they are not regularly carried in stock by the 
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manufacturers and must be made up to order, any desired form 
may be had. 

When the character of the work is such that one of the parts 
that are being secured together can be tapped, a stud bolt or cap 
screw may be used. In Fig. 586 at A is shown the standard 
form of milled stud. The short thread is usually made slightly 
larger than the long one, as it is intended to fit closely the tapped 
hole in the work. The stud wdien set extends above the surface 
an amount sufficient to receive the work and a nut on the outside* 



FIG. 5S5. 


At B and C are shown two forms of special collar studs used only 
on special work. In Fig. 587 is shown a simple device for set- 
ting studs. A piece of hexagon steel with a tapped hole through 
it as shown, is screwed on the end of the stud and the special set 
screw tightened against the end of the stud. The set screw 
should be cupped slightly as shown, and hardened. It is also ad- 
visable to case harden the body. By using two wrenches the 
device is readily removed after the stud has been set. 

It is frequently necessary to lock the nuts on bolts and studs 
to prevent them from working loose. The use of two nuts, as 
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shown ill Fig. 588, at A, is a very common method. The thinner 
nut is called a lock or check nut and is usually one-half the 
bolt diameter in thickness. The check nut is usually put on 
the outside; a better distribution of the strains, however, is ob- 
tained when the thin nut is placed on the inside. This arrange- 
ment of nuts while not absolutely proof against their working 
loose, can usually be relied upon. By allowing the bolt to ex- 
tend through the nut an amount sufficient to permit drilling a 
hole and inserting a cotter key, as shown at B, a most satisfac- 
tory safeguard against loosing the nut is obtained. The cotter 
key in connection with the jam nut is perfectly safe. 

Devices of the character of the one shown in Fig. 589 are 



occasionally used in connection with standard nuts. More often, 
however, a special nut having a notched rim is used in connection 
with a dog to engage the notches and secured to the body of the 
work. 

Cap screws are similar to coupling bolts without nuts. In 
Fig. 590 are shown three styles ; at A, a square head ; at B, a 
hexagon head, and at C, a form known as a tap bolt which is 
threaded close under the head. When cap screws are used in 
places where they must often be turned, they are usually of the 
forms shown in Fig. 591 and known as collar cap screws. 

Cap screws with slotted heads for a screw driver, are shown 
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in Fig. 592; the flat head at A; the round or button head at B, 
and the fillister head at C* These are known as machine screws 
when of machine screw diameter and threads. 

Set screws are made of steel and tempered or of iron and 
case hardened. They form a convenient and largely used means 
of securing pulleys, collars, etc., to shafting, and in their headless 




FIG. 590. 


FIG. 591. 


forms for holding liners and other machine parts. Set screws 
are not well suited to the holding of pulleys that must transmit 
much power, as they do not get much bearing on the shaft and 
as a result are very apt to slip. The standard form of set screw 
is shown in Fig. 593, as is also the headless pattern. What are 
known as low head or collar set screws have square heads of 




FIG. 592 


FIG. 593. 


about one-half the height of the regular head. In this figure are 
also shown the various forms of points used on set screws. A 
and B, the cupped and oval points, are regular patterns. The 
flat point C, the cone point D, and the pivot point E are specials. 

Studs, cap, and set screws are regularly made with both the 
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sharp V and United States standard threads ; unless the latter is 
specified, orders are always filled with V threads. 

Square and hexagon nuts may be had either hot or cold press- 
ed, commonly known as black and bright. The cold pressed nuts 
are those usually used on machine and engine work. A i)lain 
nut, tapped and faced on the work side meets the necessities of 
any case. It is not, however, when api)lied to well-finished work, 
in keeping in appearance. It is therefore usual to use what are 
termed semi-finished, finished or finished and case hardened nuts 
on good work. A semi-finished luit is faced bottom and top and 
chamfered on the top. A finished nut has its faces bulTed or 



ground smooth in addition to the facing, and the case hardened 
nut, as its name indicates, is hardened after being finished. 

Keys and feathers are much used in machine construction in 
the fastening of the parts to shafts. In Fig. 594 are shown the 
three forms of keys most used. The round key, shown at A, 
is used in places where little power is to be transmitted and on 
light work only. A small hole drilled half in the hub and half 
in the shaft receives the round key, which is usually not tapei*ed 
and driven firmly in. By tapping the hole, a headless screw can 
he substituted for the round key. This not only provides a means 
for removing if necessary, but prevents the possibility of any 
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motion in the direction of the shaft's length. Keys of this kind 
can be properly applied only when the end of the shaft and hub 
are in the same plane. When the hub and shaft are of different 
materials, as is usually the case, difficulty is experienced in mak- 
ing the drill follow the joint, as it will tend to crowd toward the 
softer metal. 

Where the strains transmitted are moderate, the flat ke}^ 
shown at B may be employed. As the flat on the shaft can, if 
necessary, be filed, this forms a most convenient method of key- 
ing after a shaft is in place. The width of the key should be 
from one-quarter to one-third the diameter of the shaft. If the 
key way is tapered in the hub the key should have the same taper 
and can be driven firmly to its seat. If the key way is straight 
it is necessary to use two set screws over the key. 

The flat key sunk in the shaft, as shown at C, is the most 
reliable and consequently most used. It is a tapered key fitting 
closely in the sides and driven to a tight top and bottom fit. 
using a straight key way with set screws over each end the key 
may be made straight. 

Practice as to the taper and dimensions of keys is somewhat 
at variance. Good practice, however, indicates the use of 3-16 
of an inch taper per foot with a width of key equal to one-quarter 
the shaft diameter and a thickness equal to one-sixth the shaft 
diameter. For shafting a width equal to one-quarter the diameter 
and a thickness 1-16 of an inch less than the width is much used. 

Tapered keys are little used by machine tool builders owing 
to their tendency to throw the parts out of true, due to the radial 
strain. For such work straight square keys fitting neatly on the 
sides but loose top and bottom are much used. Straight keys 
should be set one-half their thickness in the shaft and the depth 
of key seat should be measured from the sides, not the center, 
With tapered keys the,' depth of key way in shaft should be one- 
half the thickness of the key at its middle section, A recom- 
mended practice is that the depth of key way in shaft should equal 
two-fifths the thickness of the key at its thick end. 

Feather keys are much used by machine tool builders. They 
are usually of a thickness greater than their width and are not 
fitted tight top and bottom. When fitted in this manner the key 
does not hold against motion along the shaft, consequently very 
close fits between shaft and bore are necessary. 

Sliding feathers ■ are those which are doweled in the hub 
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where a sliding lit of the spindle through the hub is required, as 
with drilling machine spindles, feed rods, etc. Feathers of this 
kind should be long in order to resist wear, and as they must fit 
the spline in the spindle freely they drive from the hub scat and 
should therefore have a close deep bearing in tliis scat. It is 
usual to make sliding feathers of a thickness equal to one and 



FIG. 595. 


one-half the width with one-half their thickness in the hub. 
When necessary it is of course possible to reverse the conditions 
and dowel the feather in the shaft, the hub sliding over it. 

The Woodruff system of keying, as largely used by machine 
tool builders, is illustrated in Figs. 595 and 596. The key is a 
semi-circular disc of soft steel uf the required thickness. The 




r-TG. 596. 


cutter for making the seats is shown in Fig. 488. It is dropped 
the proper depth in the shaft to receive the key as shown. Wheix 
a long key is required two or more of the keys arc placed end to- 
end, as shown in Fig. 595. When used as a tapered key, as 
shown in Fig. 596, they adapt themselves perfectly to the taper 
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in the hub and thus overcome the danger of cocking the work as 
with the flat tapered key when the tapers do not exactly corres- 
pond. 

When taper keys are used in places where there is a possibility 
of having to remove them some provision must be made for either 
drawing or drifting them. If the key way. is sufficiently long 
and the back end of the hub can be gotten at the key can be drifted 
out, otherwise some form of head must be provided on the key 
to make it possible to draw.it. 

In Fig. 597 is shown the Morton gib head key and the method 




FIG. 597. 


of drawing it. The under cut head gives the end of the pinch 
bar a hold and prevents its slipping off. The stepped fulcrum 
blocks shown insure a square pull on the key. In this manner 
gib head keys can be safely drawn. The driving of a wedge be- 
tween the hub and the head of the key injures the head and is 
very apt to bend the key. Two wedges of equal angle introduced 
from opposite sides and driven equally, answers very well. As 
they tend, however, to bend the head toward the center of the 
shaft, a heavy weight should, if the key comes hard, be held 
under the head. 

Keys should always be well oiled before driving them home. 
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In Fig*. 598 is shown a taper pin. They are made in siz.es 
from No. o to No. 10, varying in length from ^ of an inch to 6 
inches and in diameter from approximately 5-32 to 23-32 at the 
large end. They fit holes reamed with the standard taper pin 
reamers and are much used by machinery builders for securing* 
collars, gears, couplings, etc. They can be easily removed and 
when again put back it is with the absolute certainty that the 
parts are back in their exact relative positions. They are not, 
however, suited to the transmitting of heavy loads. 

The cotter pin or key, Fig. 599, is but little used for purposes 
other than those illustrated in Fig. 588. 

Rivets make the simplest form of fastening. They are, how- 
ever, permanent fastenings, which can only be removed by cutting 



FIG. 600. 


off the head. Rivets are little used for purposes other than the 
holding together of metal plates. They are made of soft tough 
steel or iron, steel rivets being most used on the heavier steel 
plate work. Good rivets should stand riveting up cold, without 
cracking, a method most used on light work. For heavy plates, 
as used , in boiler and structural steel work, the rivets are of the 
forms shown in Fig. 600 and are set hot. 

Riveted joints are of two kinds, lap and butt joints. These 
are shown at A and B, Fig. 601. In the lap joint the plate edges 
lap over each other, while in the butt joint the edges come square- 
ly against each other and a cover strip is placed over the joint 
and riveted-, to each edge. 

A single Tiveted joint is one in which a single row of rivets 
are used. The lap and butt joints shown in Fig. 601 are examples 
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of single-riveted joints. When two lines of rivets are used it 
becomes a double riveted joint and three lines a triple riveted 
joint. A covered lap joint is shown in Fig, 602. A cover plate 




is flanged and riveted over the joint as shown. The lap joint 
rivets pass through the cover strip which is also riveted to the 
plates back of the joint. A double cover butt joint is shown in 
Fig. 603. This joint brings the rivets in double shear. 
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Rivet holes are punched, or drilled. The latter method is 
much the more desirable, but owing to its greater cost, is not so 
extensively used as punching. In the punching of rivet holes 
the metal around the hole is injured by the pressure of the 
punch and as the holes must be laid out separately in each sheet 



FIG, 604, 



it is difficult to make them match properly. Tu drilling', both 
plates are usually drilled together and the metal is nut injuredi 
in any way. 

By punching holes somewhat smaller than the required si/e 
and reaming them out, the objection to punching is largely over- 


FASTENINGS. 


461 


come. If the plate is thick the edge after punching should be 
thoroughly annealed. The use of a drift pin in rivet holes to 
bring them fair is very objectionable as it strains the plate, fre- 
quently cracking it. In the drilled holes the sharp edges left are 
objectionable and should be slightly rounded for best results. 

Rivets are usually set hot as they fill the holes better and due 
to their contraction in cooling draw the plates very firmly to- 
gether. In cases where the rivets are long, it is usually necessary 
to cool the heads before riveting them, as otherwise the excessive 
amount of contraction is quite apt to break the rivet. It is most 
important in all cases that the amount of plate lap and the size 
and pitch of rivets be properly proportioned. 

The strength of a riveted joint depends largely upon the man- 
ner in which it is put together. When properly designed and put 



together, single-riveted joints will average from 50 to 55 per cent 
of the plate strength and double riveted joints from 65 to 70 per 
cent. 

A stay bolt is a piece of iron or steel threaded its entire length 
and used to support parallel surfaces in boilers which are com- 
paratively close together. By means of a long stay bolt tap, the 
holes in the plates are tapped together, the bolt is then screwed 
through the plates, cut off and riveted over, as shown in Fig. 
604. When the plates are too far apart to permit the use of 
threaded stay bolts, some other form of stay must be used. The 
diagonal stay, Fig. 605, is frequently used. This braces the flat 
end to the shell of the boiler. The feet are riveted to end and 
shell' and the rod connecting them is of the proper size to carry 
the load. 
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When the diainetel' of the shell is great, the feet arc attached 
to both ends, and the tie rods run the entire length of the boiler. 
When a number of such stays are used in a boiler they must be of 
the same length as otherwise an excessive strain is thrown on the 
short ones. 

In many cases flat surfaces, as for example, the crown sheet 




of a fire box, are supported by arch or girder stays. Such a stay 
is shown in Fig. 606. The ends of the stays are supported on 
the sides of the fire box and the crown bolts shown support the 
crown sheet against the downward pressure. 


CHAPTER XXXL 


GEARING. 

The term gearing, although a general one covering all means 
of transmitting motion, is more especially applied to wheel gear- 
ing in which motion is transmitted from one shaft to another by 
means of toothed wheels. 

Two perfectly smooth rimmed wheels rolling together consti- 
tute a geared pair, commonly known as friction gears inasmuch 
as the one drives the other by friction. When the force trans- 
mitted is in excess of the frictioned resistance, slipping occurs 
and consequently a fixed relationship between the axes of the two 
gears can not be maintained. Such a pair of wheels are shown in 
Fig. 607, A and B. 

In general practice frictional gearing is not extensively used. 
It is frequently found in mill and hoisting work and more especial- 
ly in gears for reversing purposes. This class of gearing should 
be very carefully made. The wheels must be round and the sur- 
faces as true and smooth as possible. At least one of each pair 
should have .a soft surface as of wood, leather or paper. This 
should be the driving wheel, the driven having an iron face, as 
in the case of any slippage, the wear on the soft-faced driver will 
be equal at all points on its surface and it will tend to retain its 
original round condition. If on the other hand the iron faced 
wheel is the driver and the soft faced wheel for any reason should 
stop, the driver would quickly wear a concave spot in the soft 
cover of the driven wheel. 

If we assume the wheels of Fig- 607 of the same diameter and 
rolling together without any slip, a point on the rim surface of 
one travels at the same rate of speed as any point on the rim of 
the other, and the distance that these points travel in the unit of 

time is called the “linear velocity.'' . 

The rate at which this point measures angles is termed its 
“angular velocity." Thus with wheels A and B, the linear and 
angular velocities are the same. If we substitute for B another 
wheel C of one-half the diameter of A, the linear velocity of any 
point on its circumference must still equal the linear velocity o 
B, but its rate of measuring angles is double that of B consequent- 
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ly its angular velocity is doubled. Considering 360 degrees as 
the angular unit, we can assume it in terms of reyolutions, using 
the same unit of time as before. 

With the smooth wheel surfaces, these exact relationships 
could not be maintained. If, however, teeth are formed on the 
surfaces of the wheels of such a form that they can still rotate as 




above without the possibility of slipping, we have a pair of gears 
the velocity ratios of which can be absolutely determined. In 
order, however, that the linear velocity of the toothed gears are 
the same for all portions of their revolution, it is necessary that 
they be provided with teeth of proper outline. If such is not the 
case, the motion of the driven gear will be of an irregular char- 
acter, a variation in velocity occurring for each tooth. 
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All gears have an imaginary circle called the “pitch circle'' 
which corresponds to the circumferences of the wheels shown in 
Fig. 607 and are the circles which would, if the tops of the teeth 
were cut off, roll together with the same angular velocity as did 
the gears. This circle is shown in Fig. 608. That part of the 
tooth outside of the pitch circle is called the “addendum" and the 
portion inside is called the “land," or “dedendum." That part 
of the tooth outline outside of the pitch circle is called the “face" 
and that part inside of the pitch circle the “flank." The “pitch 
point” is where the “face" and “'flank" join at the “pitch circle." 
The “root circle" passes through the bottoms of the teeth and 
the “addendum circle" passes through the tops of the teeth. The 
diameter of the “addendum circle" is the whole or blank diameter 
•of the gear. 

The “circular pitch" of gear teeth is the distance measured on 
the pitch circle from the pitch point of one tooth to the corres- 
ponding point on the next tooth. By “diametral pitch” is meant 
the number of teeth in the gear per inch of its pitch diameter. 
Thus if the pitch diameter of a gear is 10 inches and there are 
'80 teeth in the gear, the diametral pitch would be 8. The pitch 
•circumference is, in the same case, 10 X = inches 

31.416 

.and = •39-26 = the circular pitch. In any case 3.141^ 

80 

X the diameter divided by the number of teeth equals the circular 
pitch and as the 4iameter divided by the number of teeth equals 
I 3-1416 

— , the simple expression — the circular 

•diametral pitch F 

pitch where P = the diametral pitch. Nearly all gear calcula- 
tions are now made in terms of the diametral pitch. In the mak- 
ing of patterns, the work is usually based on the circular pitch, 
which, however, is deduced from the diametral pitch as above. 
In the cutting of racks it is necessary to know the circular pitch 
in order to properly space for the teeth. 

one inch 

The addendum equals on standard gear teeth — ^ 

diametral pitch 

— in above case inch. This gives for the whole diameter, the 
pitch diameter -f X inch or twice the addendum. The flank of the 
tooth equals the face, thus giving for the working depth twice 
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the addendum or two diametral pitches. Bottom clearance is 
usually made equal to i-io of the thickness of the tooth on the 
pitch line. 

The thickness of the tooth and width of the space measured 
on the pitch line are for carefully cut gears practically equal.. 
When the teeth are cast and consequently not perfect as to form,, 
it is necessary to make the tooth slightly thinner than the space.. 
This difference is called the back lash. 

In a pair of gears the distance between their axes is equal to 
the sum of their pitch radii, or is equal to one half the sum of 
their teeth divided by the diametral pitch. 

The number of teeth in a gear may be found by multiplying 
together the pitch diameter and the diametral pitch. If the num-' 
her of teeth and the diametral pitch are known, the pitch diameter 
is found by dividing the number of teeth by the diametral pitch 
and if the number of teeth and the pitch diameter arc known, di- 
viding the number of teeth by that diameter gives the diametral 
pitch. 

The whole diameter in any case equals the pitch diameter plus 
two diametral pitches, or if the numl^er of teeth and diametral 
l^itch are known add two to the number of teeth and divide by the 
diametral pitch. In cases where the circular pitch is given, re- 
duce it first to diametral pitch by dividing 3.1416 by it and apply 
the above rules. 

The ratio between the number of revolutions that one gear- 
makes for one revolution of its mating gear is called the ''velocity 
ratio. This ratio equals the number of revolutions of one gear 
in a given time divided by the number of revolutions of the other- 
gear in the same time, or what is the equivalent, the pitch diame- 
ter of one, or its number of teeth, divided by the pitch diameter 
or number of teeth of the other. The above considers the gears 
as round and turning about their central axes, thus giving a 
constant velocity ratio. This is the condition most common in 
practice. 

In the cases of lobed and elliptical gearing, the velocit}'' ratio 
is constantly changing and for any part of a revolution must be 
taken in terms of the pitch diameters, acting at that instant. If 
the ratios of complete revolutions are considered, they may be 
had in terms of the revolutions per unit of time or the number of 
teeth. 
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The gears in common use may be divided into classes as fol- 
lows : 

First, spur gears ; those having straight tooth elemeuts par- 
allel with the axis and used for connecting parallel shafts. The 
teeth are cut on parallel cylinders. 

Second, bevel gears; those having straight tooth elements 
which meet in a common or focal point and are used for connect- 
ing shaft’s whose prolonged axes intersect. The teeth are cut on 
conical surfaces. 

Third, worm gearing; those having spiral tooth elements and 
used for connecting shafts at right angles, axes not intersecting. 
The teeth are formed on cylindrical surfaces. 

Fourth, spiral gears ; often called, twisted, screw, or helical 
gears ; those used for connecting shafts which are not parallel 
and do not intersect. The teeth are formed on cylindrical sur- 
faces. 

As it is of very great importance in nearly all cases to main- 
tain a constant velocity ratio at all points in a gear’s rotation, care 
must be exercised in the forming of the teeth. Many forms 
of tooth outline can be made that will meet this requirement, but 
for reasons of a practical nature, and the necessity for uniformity, 
but two systems are in general use — the ^hnvolute” and the “cy- 
cloidal” systems. Of these two systems the “involute” form of 
tooth is the more used and considered by many of the best au- 
thorities on gearing, as superior to the “cycloidal’^ system. In 
fact the general adoption of this system has been strongly urged 
and from the point of uniformity in gearing construction would 
be a ipost desirable move. 

The “involute” tooth has a single curve outline. The “invo- 
lute” curve is the curve generated by the end of a non-stretching 
band, as it is unwrapped from a cylinder, as shown in Fig. 609. 
By taking the points a and b comparatively close together and 
setting the dividers to that distance, the other points, c, d, e, etc., 
may be stepped off. Through each point draw a tangent to the 
circle and step off on the tangent the number of spaces it is from 
the origin of the curve, thus locating a point of the curve, as 
shown at 5. The curve passing through a series of points thus 
located is the “involute” of the circle. If the points are taken 
sufficiently close together to make the chord and its arc connects 
ing them practically equal, this method may be considered exact. 

In practice a curve which approximates the “involute” curve 
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is employed and the circle upon which, it is laid out is called the 
base circle. This circle- lies inside of the pitch circle an amount 
differing slightly in the methods practiced by the leading makers. 




Brown & Sharpe make the diameter of the base circle .968 of 
the pitch circle. Their graphical method of making the single 
arc approximation^ for gears having 30 teeth or more, is shown 
in Fig. 610. Having laid down the addendum and pitch circles. 
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locate the pitch point B and take the other pitch points, C, D, 
etc,, at distances from B = to ^ the circular pitch. Describe 
the semi-circle B O. The base circle passes through the point 
A. The arc B"' B' described about A as a center gives the tooth 
outline approximating very closely to the true “involute.” By 
stepping around the base, circle the other tooth curves may be 
drawn in. 

The line X X drawn through the points A and B is called the 
line of action and is in the Brown & Sharpe system degrees 
from the normal tangent Y Y. 

When “involute” gears have less than 30 teeth, the single arc 
approximation cannot be used inasmuch as the space left is too 



narrow at the bottom, causing the face of the mating gear tooth 
to interfere. In these cases the arc is carried from the addendum 
to the base circle. From this point the flank is drawn for a 
short distance parallel with a radius to the middle of the tooth 
space and completed with a short arc described from the pitch 
center of the adjacent tooth and blended into a fillet, the radius 
of which is equal to 1-6 the width of the space at the addendum 
circle. 

By some authorities the single arc approximation is not 
recommended for tooth outlines of gears having less than 60 
teeth. 

The tooth of the “involute” rack has straight sides, which 
are at right angles to the line of action, as shown in Fig. 61 1. 
When the rack is to gear with pinions having fewer than 30 
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teeth, it becomes necessary to round the addendum of the rack 
teeth to prevent interference with the flank of the pinion tooth. 

The Grant odontographic method of laying out “involute 
gear teeth to approximate arcs is given in the following table 
and illustrated in Fig. 612. 

GRANT’S INVOLUTE ODONTOGRAPH. 


Teeth. 

Divide Ijy the Diatnctral Pitcli. 

MuUiply by tlie Circular Pitch. 


Face Radius. 

Flank Radius, 

Face Radius. 

1 Idaiik Radius. 

10 

2.28 

.69 

.73 

.22 

1 1 

2.40 

.S3 

! .76 

.27 

12 

2.51 

.96 

.80 

.31 

15 

2.62 

1,09 

.83 

' .34 

14 

2.72 

1.22 

.87 

! .39 

15 

2.82 

1.34 

.90 

43 

16 

2.92 

1.46 1 

.93 

•47 

17 

3*02 

1.58 

.96 


18 

3.12 

1.69 i 

.99 

.54 

19 

3-22 

3.79 

I 03 

.57 

20 

3-32 

1.89 

1.06 

.60 

21 

3 ‘ 4 I 

i.gH 

1.09 

.63 

22 

3.49 

2.06 

I. J I 

.66 

23 

3‘57 

2.15 

1.13 

.69 

24 

3-64 

2.24 

3 . 16 

.71 

25 

3 ’ 7 i 

2.33 

* J 18 

.74 

26 

3 - 72 . 

2.42 

J .20 

•77 

27 

3-‘'^5 

2.50 

1.23 

,80 

28 

3-92 

2 59 

1 25 

.82 

29 

3-99 

2,67 

I 27 

.85 

30 

4.06 

2 76 

I 29 

,88 

31 

4.13 

2 85 

1.31 

•91 

32 

4.20 

2.93 

1.34 , 

.93 

33 

4.27 

3.01 

I .36 

.96 

. 34 

4.33 

3.09 

I.3S 

.99 

35 

4.39 

3 

n 39 

1. 01 

36 

4.45 

3 23 

1,41 

' 1 ( >3 

37—40 

4 

20 1 

,i , 

3-1 

41—45 

4.63 

t.. 

|8 

46—51 

5.06 

1 . 6 1 • 

52—60 

5 74 

1,83 

61 — 70 

6.52 

2 07 

71—90 

7 72 

2 46 

91 — 120 

9. 78 

3 .U 

121 — Sio 

L 3 . 3 S 

4: 

26 

1 8 1 — 360 

21. 

.62 

1 

6.88 


Draw I be rack tooth by the special method. 


Ill this system all gears tip to 37 teeth have tooth outlines to 
a double arc approximation and aliove that numlicr a single arc 
outline. These determinations are based on a 15 degree line of 

action. 
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In the application of the Grant method, Fig. 612, the pitch, 
addendum, root, working depth and base lines are laid out. The 
"base circle is taken at 1-60 the pitch diameter inside of the pitch 
circle. If the data is in terms of the diametral pitch, the face 
and flank radii are taken from the tabulated columns under diam- 
etral pitch, and if in terms of the circular pitch they are taken 
irom the columns under circular pitch. These values are divided 
<or multiplied, as indicated, by the pitch. The pitch points are 
next located, and with the dividers set to the face radius, the 
daces are drawn in from the pitch point to the addendum with 
centers in the base circle ; and in like manner with the flank radius, 
the flanks are drawn in from the pitch point to the base line. 
From the base line to the working depth the flank is a radial line 



from the center of the blank. A fillet between working depth 
and root completes the tooth outline. The rack teeth in this 
system have flanks, and the inner half of the faces, at 15 degrees 
with the pitch line. The outer half of the tooth face is drawn 
from a point in the pitch line with a radius equal to 2.10 inches 
divided by the diametral pitch or .67 inches multiplied by the 
circular pitch. 

Gears having the “involute” form of teeth are the only ones 
lhat can be run with the axes at varying distances and still trans- 
mit uniform angular velocity. The line of action varies, how- 
ever, as the axes are separated. 

In the “cycloidal” system of gearing the tooth outline is made 
np of a double curve, the face being an “epicycloid” and the flank 
“hypocycloid.” The system is commonly known as the “epi- 
cycloidal” system. 
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An ^^epicycloid” is the path of a point in the generating circle 
rolling on the outside of another circle, which in gearing problems 
is the pitch circle. A “hypocycloid” is the path of the point gen- 
erated when the circle is rolled on the inside of the pitch circle* 
These curves are shown in Fig. 613. 

When the diameter of the generating circle is equal to the 
radius of the pitch circle the path of the generating point is a 
radial line. The prevailing practice makes the flank of the 15 
tooth gear in this system radial which for an interchangeable 
system makes the diameter of the generating circles equal to the 
pitch radius of a 15 tooth gear. 

In the Grant system a gear of 12 teeth is taken as the basis^ 



which gives a stronger pinion tooth for and above fifteen teetli 
than the 15-tooth basis. 

The rack of the interchangeable cycloidal system has teeth 
of double curve outline, generated by rolling the generating circle 
along each side of the pitch line, as shown in Fig. 614. These 
curves are cycloids. 

Although it is a comparatively simple operation to lay out 
the '^cycloidal” form of tooth by means of the rolling generating- 
circle, numerous approximate methods are in use. Notably the 
Grant three-point double arc approximation and the Klein method 
by the use of tabulated co-ordinates, which latter method is also 
applicable to the '‘involute” tooth outlines. 
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In the “cycloidal” form of tooth the Hue of action is perpen- 
dicular to the line of centers when the point of contact crosses 
that line. For all other points of contact the line of action is at 
an angle with the line of centers, being a maximum at the points 
where the teeth make and break contact. In general practice the 
line of action in cycloidal gears varies from zero degrees at the 
line of centers to about 30 degrees each side of this line. 

“ Cycloidal” teeth are conjugate only when the centers of the 
gears are properly pitched and will not admit of as wide varia- 
tions in form and adjustment as will the “involute” teeth. As 
the form of a tooth in either system changes for every number 
of teeth, a cutter can be of correct outline for but one number of 
teeth. For ordinary requirements; however, 8 cutters for the 



“involute” and 24 for the “cycloidal” cut all numbers of teeth, 
in any one pitch from 12 to a rack. 

The annular or internal gear is a spur gear in which the teeth 
are on the inside of the rim. In the internal gear, an example of 
which is shown in Fig. 615, the teeth correspond with the spaces 
of an external spur gear. Annular gears may have either the 
“involute” or “cycloidal” form of teeth. They come under the 
same general rules as for external spur gearing. The limitations 

arc, however, more closely drawn. 

Bevel gears are used to communicate motion from one shaft 
to another when the axes of the shafts intersect. In most cases 
the axes are at right angles with each other. They may, however, 
be at any angle., their limits being the external and internal spur 
gears, at which points the axes become parallel. 
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As in Spur gearing, where we assumed two cylinders as rolling' 
together, we may in bevel gearing assume two cones or portions 
of cones as rolling together. If they roll without slipping, the 
angular velocity is the same for all points and the velocity ratio 
is the same at any point between the base and the apex. If now 
we assume the surfaces of these cones as pitch surfaces, and pro- 
duce teeth upon them, all lines of which terminate in the apex or 
focal point, we have a pair of bevel gears which will roll to- 

F 



gether without slipping and will, if the teeth are of correct form,, 
maintain the same velocity ratio as will the pitch cones. • 

In bevel gears the relations between pitch diameter, pitch 
and numbers of teeth and velocities are the same as for spur 
gearing, thus making calculations pertaining to these points, the 
same as given for spur gears. 

In obtaining the data for bevel gears it is customary to make 
a sectional drawing of one-half of each gear. In Fig, 6i6 is 
shown the usual method of laying out. The two axis or shaft 
centers O G and O H and the maximum pitch diameters L M 
and M F are laid out, the latter of lengths proportionate to the 
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required velocity ratio. The pitch cone lines L O, M O and F O 
and the back cone radii M G and M FI are drawn. The calcula- 
tions for the teeth are based on the largest pitch diameter. Look- 
ing at the gears from the direction indicated by the arrow the 
ends of the teeth appear as would the ends of teeth of spur gears, 
having pitch radii equal to the back cone radii M G and M FI. 
The outline of the tooth is laid out, as shown, in the same man- 
ner as for spur gears. 

The whole diameters X X and the pitch, root and top angles 
are usually measured from carefully made drawings. 

' The teeth of bevel gears may be of the “involute” “cycloidal,” 
of “octoidal” forms and can be correctly formed only by a plan- 
ing process. They may be cut to approximate form by a rotat- 
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ing cutter, a method very largely employed especially on small 
gears. 

Bevel gears of the same size connecting shafts at right angles 
are termed miter gears. 

The efficiency of correctly cut spur and bevel gears is high, 
ranging from 90 to 99 per cent, depending upon velocity and per- 
fectness of their application. 

Skew bevel gears arc those used in connecting shafts which 
are not parallel and do not intersect. They are but little used. 

The worm gear and worm, an example of which is shown 
in Fig. 6x7, is used for transmitting motion from one shaft to 
another at right angles to it, axes not intersecting. The worm 
and gear is a limiting case in spiral gearing, the worm corres- 
ponding to a spiral gear having but one tooth. 
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The section of the worm as shown at S, Fig. 6i8, is of the 
same ontline as a rack of corresponding pitch and may be of 
either the “involute” or “cycloidal” form. The “involute” is the 
form usually employed^ as the straight sides of its teeth are 
much easier to produce on the bobbing cutter, Fig. 474, which 
is used in cutting’ the worm gear, than the “cycloidal” form. 

As worms are usually cut in the lathe using the regular 
change gears, their pitch is expressed in terms of circular pitch 
rather than diametral. This pitch is usually called the lead of the 
worm and is the amount the thread advances at each revolution. 
The spaces between the teeth of the worm from which the hob 
is to be made are cut without clearance and the whole diameter 



FIG. 619, 


is made greater than the diameter of the worm by twice the 
amount of the root clearance necessary. 

In Fig. 619 is shown an end section of worm and worm gear, 
The whole diameter, throat diameter, pitch diameter, and root 
diameter are indicated in the figure. These dimensions are found 
by the same rules as for spur gearing. 

The diameter of the worm is usually taken at from four to 
five times the pitch, but is not limited in diameter, thus making 
possible considerable variation in the pitch centers. As with 
“involute” gears, the velocity ratio remains constant when the 
axes are separated. This is frequently made use of in the case 
of low numbered worm gears to avoid tooth interference. With 
the usual worm thread, having its sides at 14^ degrees with the 
axis, interference begins at 30 teeth when the pitch circles touch. 
By slightly rounding the ends of the thread faces, as with racks 
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gearing with low numbered pinions, this interference can be 
overcome for worm gears having a number of teeth under 30. 
Separating the pitch lines of correctly formed worms and worm 
gears, although overcoming interference, produces excessive back 
lash. The same results without the- back lash may be obtained 
by enlarging the outside diameter of the worm gear, thus giving 
the tooth a short flank and bringing the action largely upon the 
faces of the teeth. These are extreme cases and should, if pos- 
sible, be avoided. When the required velocity ratio necessitates 
a gear of fewer than 30 teeth, it is preferable, if possible, to double 
the number of teeth and use a double thread worm. 

Worm gearing is largely used in places where a great velocity 
ratio is necessary with as few gears as possible. It is a locking 
mechanism in which the worm must always be the driver. This 
feature is made use of very largely in the application of this class 
of gearing to elevators and dividing mechanisms. 

The tooth action is purely a sliding one and consequently this 
-class of gearing is not well adapted to the transmission of heavy 
powers as its efficiency is necessarily low, from 50 to 75 per cent, 
and the wear is in such cases usually excessive. 

When used for heavy service the concave form of tooth shown 
.at A in Fig. 620 is best suited, due to its greater tooth surface. 
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The form shown at C is largely used on dividing mechanisms 
where the strains are not great, and the form shown gives better 
protection to the teeth against injury. The form shown at B 
has but one advantage and that is the possibility of its being cut 
in a milling machine without the use of a hob. The teeth are cut 
with a spur gear cutter at the angle corresponding with the angle 
of the helix of the worm. As this gives a very imperfect contact 
between the teeth of gear and worm, it is suited only to the trans- 
mitting of very light loads. When the teeth are so formed it is 
possible to vary somewhat the angle of the axes from a right 
angle, as for example, if the gear shown at ?> was a spur gear, 
the worm would mesh with it by inclining its axis from its normal 



A. B. c. 

vijo . 621. 


position an amount equal to the angle of its helix. This pro- 
duces an objectionable pressure in the direction of the gear’s axis. 

The distinction between worm and spiral gearing is nut closely 
drawn. As the worm ^lnd worm gear a])proach each other in (ha- 
meter, and the gear is given a low number of teetli with multiple 
threads on the worm, the problem blends from one of W(.)rm into 
one of spiral gearing. 

Take a number of thin spur gears that have been cut together, 
shift them slightly a] 30 ut their axes so that the teeth do not line, 
as shown at A, Fig. 621, and we have what is termed a “ste]')ped’'' 
gear. Such a gear when running with a similar ste|)]3ed gear will 
have a number of teeth constantly in contact, with ]3raclically one 
pair always passing the line of centers, thus producing a smootlicr 
motion than can l)c obtained with the common spin* gears. If we 
consider these elementary gears as lacing extremely thin, the teeth 
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will blend into each other, forming what is known as the twisted 
gear, the outline of the teeth being of any desired form. When 
the teeth have a uniform spiral as shown at B, Fig. 621, the gear 
is called a screw or spiral gear. 

When the teeth of twisted gears are other than true spirals, 
they must work together the same as spur gears on parallel axes, 
the pitch surfaces rolling upon each other. With screw gearing 
the axes may be at any angle with each other, and for all angles 
there will be sliding contact between the teeth along the pitch 


D 



FIG, 622. FIG. 623. 


surfaces, it being greatest when the axes are at 90 degrees with 
each other. 

In practice the teeth of twisted gears are formed to a true 
spiral, all such gears being technically known as spiral gears. 

The pitch of a spiral is the distance it advances in one revolu- 
tion and corresponds to the pitch or lead of a screw thread. It 
is a true helical curve, which, when developed on a plane, becomes 
a straight line, as shown in Fig. 622 at A C D B, where E F 
the pitch and F B the circumference of the cylinder on which the- 
spiral is wound, a — the angle of the spiral with the axis and is 
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termed the spiral angle. The spiral angle for equal pitches varies 
with the diameter of the cylinder on which the curve is drawn. 
The smaller the cylinder the less the angle. With a cylinder of in- 
finite diameter the angle becomes 90 degrees, ’ and the cuxwe a 
straight line, which gives in practice the rack tooth. 

The pitch surface of a spiral gear is cylindrical, and all pitch 
calculations are based on this surface. 

The normal helix is a spiral curve on the pitch surface cross- 
ing the teeth at right angles. Upon this curve the normal circular 
pitch B, Fig. 623, is measured. A is the circular pitch. The ad- 
dendum and tooth outline are determined from the normal pitch 
B, not from the circular pitch A, as in spur gearing, as in that 
case a cutter of thickness equal to one-half A at pitch line would 
remove too much stock, making the tooth too thin. By using the 
normal pitch, however, we are enabled ordinarily to cut spiral 
gears with regular gear cutters. 

The teeth of spiral gears may be either right or left hand 
spirals, the distinction between right and left being the same as 
for screw threads. When the axes are parallel, as at C, Fig, 621, 
one gear must have right and the other left hand spirals, and 
the spiral angles must be equal in each gear. This angle is usu- 
ally taken small, seldom exceeding 20 degrees. If too great an 
angle is taken, the end thrust on the bearings, due to the tendency 
of the teeth to slip on each other along the pitch line, will be ex- 
cessive. The angle should be great enough to insure at least two 
pairs of teeth having contact points constantly passing the line of 
centers. The width of faces will determine largely the angle to 
use in any case, wider faces and smaller angles going together. 

Since in spiral gears on parallel axes the spiral angles must 
be equal, the pitch of spiral will be equal in both gears only when 
they are. of the same diameter. If, for example, one gear has three 
times the pitch diameter of the other, in order to have the same 
spiral angle its spiral pitch must be three times as great. 

With the axes at right angles both gears will have either right 
or left hand spirals. 

Consider a pair of spiral gears on parallel axes A and B, at C, 
Fig. 621, with spiral angles of 45 degrees. Gear A has a right 
hand spiral and B a left hand. Gradually swing the axis of A 
away from- that of B. Assuming that the spiral angle of A 
changes, it will gradually decrease until it becomes zero degrees and 
we have a spur gear when the axis of A is at 45 degrees from the 
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axis of B. Continuing to swing A, the spiral angle changes from 
right to left hand, and at 90 degrees it becomes the same as B. If 
any other spiral angle, as 20 degrees, had been taken, A would have 
become a spur gear when its axis had passed through an angle 
equal to the spiral angle or 20 degrees, and beyond that position 
the spiral would be left handed, increasing to 70 degrees at the 
90-degree axis position; From this the following rules are de- 
duced: First — When the gears both have right or left hand 
spirals the sum of the spiral angles equals the angle between 
axes ; second — When the geai*s are right and left handed, the 
difference of the spiral angles equals the angle between axes. 

The velocity ratio of spiral gears cannot be determined by 
direct comparison of pitch diameters, as in spur gearing, but must 
be found from the angles of the spiral in each gear. Thus if the 
spiral angles of two gears are the same, the velocity ratio will be 
inversely as the pitch diameters, but if the spiral angles are not 
equal, the number of teeth per inch of pitch diameter wdll vary 
and the above ratio will not hold. 

This is well illustrated in a worm and worm wheel, where, if 
the worm has a single thread, it is really a spiral gear having a 
single tooth, and the velocity ratio will be the number of teeth 
in the gear. If the worm has two, three or more teeth, the spiral 
angle will be different in each case and the velocity ratio equal 
to the number of teeth in the gear divided by the number of teeth 
in the worm. Increasing or decreasing the pitch diameter of the 
worm will change the spiral angle of the teeth in gear and worm, 
but will not affect the velocity ratio. In any case the velocity ratio 
will depend upon the number of teeth and their spiral angle, as ex- 
pressed in the following proportion: v, the velocity of the small 
gear, is to V, the velocity of the large gear, as D, the pitch dia- 
meter of the larger, times the cosine of its spiral angle is to d, the 
pitch diameter of the smaller, times the cosine of its* spiral angle. 

With the axes at any angle the teeth slide upon each other, 
this action being the greatest when the axes are at right angles 
with each other. As this sliding contact produces friction between 
the teeth and excessive end thrust along the axes, spiral gears 
with axes other than parallel or nearly so are not suitable for 
transmitting heavy powers at high velocities, as the wear is ex- 
cessive and the frictional losses make the efficiency low. When 
the axes are at right angles as in the spiral worm gear and worm, 
the conditions are the most unfavorable for the economic trans- 
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mission of power, the efficiency frequently falling below 50 per 
cent. 

In all spiral gearing an end thrust along the axes is pro- 
duced by the oblique action of the teeth. This effect may be 
neutralized by placing gears of opposite spirals on the same shaft,, 
as shown in Fig. 624 at A. 

Before laying out spiral gearing the designer will do well to 
consult the shop facilities for cutting them, since their special 
character will usually enable him to adapt them to the cutters in 
stock, and only in unusual cases will he find it necessary to use any 
other than standard cutters. 

It will usually be found satisfactory to determine tooth and 



A. B. C, 

FIG. 624, 

rim proportions from the rules for spur gearing. Tf the gears" 
are of large diameter^ the arms must be made sufficiently heavy 
to resist the pressure in the direction of the axis due to the oblique 
action at the teeth. As the pressure between teeth is confined to a. 
very small surface, the strain on the tooth is more severe than in 
the spur gearing, and the consequent wear dye to friction mitchi 
greater. 

In considering spiral gearing the following constitutes the 
most important data: First — The position of the axes, whetlicr 
parallel or at an angle with each other; second — the distance be- 
tween centers, whether at a fixed distance, or allowing a small 
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variation in the distance; third — the velocity ratio; and fourth — 
the power to be transmitted. 

When the distance between centers is fixed, it will often be 
found difficult to obtain correct velocity ratios, as the normal 
circular pitch will usually give a fractional diametr,.! pitch which 
would, unless approximately -close to some standard j)itch, require 
a special cutter. When the distance between centers can be varied, 
as is usually the case, the proper numbers of teeth, with their 
spiral angles, to give the desired velocity ratio, may be selected, 
and the correct normal circular pitch to suit a standard cutter as- 
sumed. The circular pitch then equals the normal circular pitch 
divided by the cosine of the spiral angle. The circular pitch times 
the number of teeth equals the pitch dTcumference of the blank 
from which the pitch diameter of the blank may be found. The 
whole diameter will equal, as in spur gearing, the pitch diameter 
plus two times the addendum. The addendum equals 

I inch 


Diametral pitch 

The involute form of tooth is the one generally used. 

In the pair of gears shown af C in Fig. 621, the 'distance be- 
tween centers is fixed at 2 inches and the velocity ratio is one ; 
the pitch diameters are 2 inches, and since the axes are paral- 
lel the spiral angles and numbers of teeth must be equal in each 
gear. In the gear shown the spiral angle; is 45 degrees and the 
diametral pitch 10, giving .20 teeth in each gear. Pitch circum- 

6.2832 inches 

ference — 2 Tt = 6.2832 inches.; circular pitch — 

20 

= .3141 inch; normal circular pitch = .3141 inch cos 45 degrees 

3.1416 

= .2213 ; normal diametral pitch == = 14.15 = 14 approx- 

.2213 ' 

imately. 

2 

Whole diameter — 2 inches -| — 2 1/7 inches. 

14 

By increasing the pitch diameter slightly a 14-P., cutter would 
be correct, but since from data that is not permissible it will be 



484 


MODERN MACHINE SHOP TOOLS. 


necessary to use a cutter having the fractional pitch 14.15? 
cut the teeth slightly shallower than -exactness would demand, 
using a 14-P. cutter. The latter method would ordinarily be 
followed. 

Having determined the pitch of the cutter, the next step is to 
find the shape of cutter to use, as indicated by the numbers. This 
may be obtained from the expression used by the Brown & 
Sharpe Manufacturing Company, where T, the number of teeth 
stamped on cutter, = N , the number of teeth in gear, by the 


• 20 


cosine- of the spiral angle. In the present case T = — — 4 o> 

•S 

which requires cutter No. 3. 

The pitch of the spiral must be next determined. In any case it 
will equal, from Fig. 622, the pitch circumference -h- by the 


6.2832 inches 

tangent of the spiral angle, = in above case 


I 


inches. 


6.28 


PROBLEM 2. — AXES PARALLEL^ VELOCITY RATIO 

In Fig. 624 at B is shown a pair of spiral gears on parallel 
axes, in which the velocity ratio is one and one-half. From con- 
siderations for strength these gears should have teeth cut with a 
lO-P. cutter. Assume: 

Spiral angle, 25 degrees. 

Number of teeth in pinion, 24. 

Number of teeth in gear, 36. 

Normal circular pitch, .314. 

Normal diametral pitch, .10. 

•314 • . 

Circular pitch = = .335. 

cos 25 degrees 


For the Pinion. 

Pitch circumference == .335 X 24 = 8.04. 
8.04 

Pitch diameter 


3.1416 


2.56 inches. 
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2 inches . , , 

Whole diameter = 2.56 -j = 2.76 iuches . . 

10 

24 ■ ' 

Number of cutter = r 29, -giving cutter 

cos“ 25 degrees 


No. 4. 


8.04 

Pitch of spiral = = 17.25 inches. 

tan 25 degrees 

For the Gear. 

Pitch circumference == .335 inch X 36 = 12.06 inches. 
12.06 inches 


Pitch diameter = == 3.83 inches. 

3.1416 


2 

Whole diameter = 3.83 inches + — =4.03 inches. 

10 .. 


36 ... . 

Number of cutter = = 44, giving cutter 

cos^ 25 degrees 


No. 3. 

12.06 


Pitch of spiral = = 25.88 inches. 

tan 25 degrees 


The spiral’ of one should be right-handed, of the other left- 
handed. The distance between centers equals one-half the sum 
of the pitch diameter, — 3.185. This distance may be changed 
by increasing or decreasing the number of teeth; of course the 
change in the number must be such as' not to affect the velocity 
ratio. 

PROBLEM 3. — AXES AT RIGHT ANGLES. 

Consider next the case of spiral gears with axes at right angles, 
as shown in Fig. 623. In this case the velocity ratio will be pro- 
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portional to the pitch dianiet-ers only when the spiral angle is 45 
degrees. In both gears assume the following case : 

Velocity ratio, i to a/ 4 . 

Normal diametral pitch, No. 8. 

Number of teeth in gear, 30. 

Number of teeth in pinion, 12. 

Spiral angle of teeth in gear, 30 degrees. ^ 

To determine the foUowihg : 


For tlie Gear. 

Normal circular pitch = .393 inch. 

.393 inch 

Circiilar pitch .4385 

cos 30 degrees 

Pitchr drcumference = .4385 X 3^“ 

^3*155 


Pitch diameter = 


: 4.18 inches. 


2 inches 

Whole diameter —4.18 inches -| = 443 mches. 

8 


30 

Number of cutter ; — = 40, giving cutter 

cos^ 30 degrees 


No. 3. 

Pitch of spiral 


13.155 ’inches 

= 22.8 inches, 

tan 30 degrees 


For the Pinion. 

Spiral angle of teeth in pinion = 90 degrees — 30 degrees = 
60 degrees. 

Normal circular pitch ^ .393 inch. 

■393 i'lch 

Circular pitch .786 inch. 

'COS 60 degrees 
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Pitch circumference = .786 inch X 12 — 9 - 43 ^ inches, 

9432 

Pitch diameter = ^ = 3 inches 

3.1416 

2 inches 

Whole diameter — 3 inches-] = 3*^5 hicheSo 

8 


12 


Number of cutter 3©. giving cutter 

cos^ 6o degrees 

No. 4. 


Pitch of spiral; 


9432 


iaii 60 degrees 


: 5.44 inches. 


4.18 + 3 

Distance between centers = = 3-59 inches, 

2 

On account of the great obliquity of the teeth the pinion should 
lie the driver, and in general the gear having the larger spiral 
angle should be the driver. 


PROBLEM 4.— AXES OBLIQUE. 

Taking up next the case where the axes are neither parallel 
nor at right angles. 

Assume the following data : 

Velocity ratio, i. to 2j4. 

Normal diametral pitch, 10. 

Number of teeth in pinion, 16. ^ 

Number of teeth in g«ar, 36. 

Angle between axes, 50 degrees. 

If the end thrust is to be equally divided between the bear- 
ings of the two gears, then the spiral angle of each gear should 
be one-half the angle between axes, or for the above problem 
25 degrees; and both gears will have right or left-hand spirals. 
If, however, the minimum amount of sliding between teeth is 
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desired, then the graphical method given by MacCord may be 
used. It may be stated thus: The angle between the axis of 
each gear and the diagonal of the parallelogram having for ad- 
jacent sides lines in the axis and corresponding in length to- 
the velocity of each gear. Fig, 625 gives the approximate spiral 



angles. In the present case the resulting angles are 15 degrees 
for the pinion and 35 degrees for the gear. 

The Brown & Sharpe Company’s practice is to take a mean 
between the angles given by these two methods, which gives for 
the above 20 degrees for the pinion and 30 degrees for the gear^ 
On this basis the determinations are as follows : 

For the Gear. 

Spiral angle = 30 degrees. 

Normal circular pitch = .314 inch. 

.314 inch 

Circular pitch = == .362 inch. 

cos 30 degrees ‘ 

Pitch circumference = .362 inch X 36=13.032 inches. 

13.032 inches 

Pitch diameter = = 4.18 inches. 


3.1416 
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2 inches 

Whole diameter = 4.18 inches -| = 4 ^ 3 ^ inches. 


10 


Number of cutter = 


36 


cos^ 30 degrees 


= 48, giving cutter 


No. 3 


13.032 inches 

Pitch of spiral ^ = 22.58 inches. 

tan 30 degrees 

For the Pinion. 

Spiral angle = 20 degrees. 

• Normal circular pitch = .314 inch. 

.314 inch 

Circular pitch -334 

cos 20 degrees 

Pitch circiimference = .334 inch 'X 16 = S -344 inches. 
5.344 inches 

Pitch diameter = -=1.7 inches. 

3.1416 

2 inches 

Whole diameter =1.7 inches -\- =1.9 inches. 


10 


16 


Number of cutter = 
No. 7. 

Pitch of spiral = 


cos^ 20 degrees 
5.344 inches 


= 14, giving cutter 


: 14.6 inches. 


tan 20 degrees 


Distance bet'ween centers — 2.94 inches. 

A pair of gears cut according to this data is shown in Fig, 
624 at C. 



CHAPTER XXXII. 

BELTING AND TRANSMISSION MACHINERY. 

The transmission of power by belting is a subject of great 
importance and one that should receive more thought and study 
on the part of the machinist:. A better knowledge of the charac- 
teristics of belting and the problems of belt gearing increases 
materially the respect of the average mechanic for a piece of good 
leather. 

A belt is a flexible band passing over two or more pulleys for 
the purpose of transmitting motion from the one to the other. 
As its drive depends on its frictional resistance to slipping and as 
it is of a more or less elastic nature, it cannot be depended upon for 
the transmission of exact velocity ratios. 

There are two general classes of belting, flat and round, the 
former being used on flat or crowned pulleys, the latter on grooved 
or sheave pulleys. The materials used in the manufacture of 
belting are leather and cotton for flat belts, and leather, cotton^ 
and manila for the round belts. Rubber is extensively used on 
cotton belts for increasing the driving power and rendering them 
weather proof. Of the above materials leather is the most im- 
portant and the one most used in manufacturing works. 

Leather belting is made in various grades, and there is prob- 
ably no other material, lubricating oils excepted, with wMdi the 
manufacturer comes in contact that requires better judgment in 
its selection. The careful selecting of the hides/ the proper tan- 
ning and currying,' and above all the part of tlie hide used in the 
belt, together with care used in its manufacture, are the important 
points in the making of a good piece of leather belting. 

In Fig. 626 is shown a cut illustrating the character of the 
leather used for- belting. That portion included in the dotted lines 
I M P L is used for tlie various grades of belt, and is termed 
a “butt.” That portion of the hide outside of the %utt'' is soft and 
flabby, and although frequently used in cheap belts, is totally unfit 
for the .purpose. The portion E F G H is known as the center 
stock and is that part used in the making of the better belts. Of 
the center stock the portion A B C D is the best, as it is the 
strongest and most uniform part of the hide. The portion 
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J M P K is known as shoulder stock and used for the lower 
grades of belting. What is known as strictly short lap, center 
stock belt, must be cut from the portion A B C D. As there is so 
small a piece of this grade of leather in each hide it goes without 
question that .much of the so-called center stock comes from the 
parts E F B A and D C G H, with tendency to run into 
the portion J M P K. The shoulder stock is tough and heavy, 
but stretches in an irregular manner and should not be found in 
first-class belting. Shoulder stock is preferably cut crosswise 
of the hide, as it stretches into better shape when so cut. 

All hides used for belting leather should be carefully tanned, 



and afterwards curried or softened by ^^stufhng'^ with hot 
grease, a process which lubricates the fibers of the leather and 
converts the hard, dry hide, as left by tanning, into a strong, pliable 
leather. The hide is then thoroughly stretched and cut to re- 
quired widths. As all strips other than the one having the center 
of the hide as its center will stretch more on the one edge than 
the other, it is desirable to take out most of this stretch before 
the belt is put into use. It is not, however, advisable to take out 
all of the stretch, as the belt is then rendered ''dead,'' and lacks 
that elasticity so desirable in a good belt. 

The leather is scarfed to uniform thickness and by careful 
working and polishing is brought into the smooth uniform condi- 
tion commonly, found in the commercial leather belting. The 
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weight of the belt is an important feature, a heavy belt being, as 
a rule, more desirable than a light one. Heavy single belts are 
cut from selected hides with a view to obtaining weight. Belts 
from lighter hides are frequently made heavy by excessive stuffing. 
This is not desirable. When belts are required heavier than the 
tliickest hides will make, it is necessary to glue two or more thick- 
nesses together, making “double,^' “triple,” or “quadruple” ply 
belting. What is termed a “light double” belt is made of two thick- 
nesses of thin hides, one side unusually being belly or shoulder 
stock. The weight of the “light double” belt is about one and one 
half the weight of single belt. Double belt is twice the weight of 
single; triple three times the weight, etc. In the making of 
double belts the strips should be so placed that edges of greatest 
stretch will come opposite so as to average up the stretch and 
make good running belts. The opportunity for fraud in the 
making" of leather belting and especially in the heavy plies is 
great. Low prices usually mean light weight or poor quality, 
which is generally not discovered until the belt begins to go to 
pieces after short service. 

Light and heavy double belts are used for transmitting heavier 
power than the single belt will satisfactorily stand. Usually for 
drive belts it is better to use a double belt than a single 
one of greater width. Light double belts are well adapted to use 
as shifting belts, where there is considerable wear on their edges, 
also for shifting belts on cones. A double belt should not be 
used on pulleys of too small diameters, as the short bend breaks 
the joint. - 

In a piece of belting leather tlie strongest section is on the flesh 
side. The hair side is relatively weak, hard, and liable to crack. 
For this reason the hair side of the belt should always be run next 
to the pulley, as it brings the fibers on the flesh side, which can 
best resist the strain, under tension as the belt passes over the' 
pulley, and the hair side, which can least resist the strain, under 
compression. Belts run in this manner seldom crack, while on 
the other hand if run flesh side to the pulley transverse cracks 
are sure to show up on the hair side which graduall)^^ grow 
deeper and eventually ruin the belt. The hair side of the belt 
is the smoother, comes in better contact with the surface of the 
pulley and by actual test will transmit about 25 per cent more 
power, other conditions being equal, than when the flesh side is 
run next to the pulley. 
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The ultimate tensile strength of leather belting, depending 
on its quality, varies through a wide range.' Most samples fall 
within the limits of 2,000 to 5,000 pounds per square inch, with 
1,000 to 2,000 pounds at properly laced joints. Cotton belting 
has greater strength than leather, and when coated with rubber 
clings to the pulley more closely than leather. It is much better 
than leather for use in damp places or where subjected to material 
changes in temperature. Leather belting cannot be used in places 
where there is dampness, as it starts the glued joints and other- 
wise injures the belt. By a special waterproof treatment leather 
belting is made to stand a limited amount of dampness, but rub- 
ber-covered cotton will be found preferable under such con- 
ditions. Leather belting should not be used in ’temperatures 
higher than no degrees. 

The power that can be transmitted by a belt varies, according 
to conditions, through very wide limits, consequently fixed rules 
cannot be laid down for the calculation of belt powers. As a pull 
of 33,000 pounds through a space of one foot in one minute repre- 
sents one horse power of work, a pull of 33 pounds through a 
space of 1,000 feet in one minute would represent the 
same amount of work. By increasing the velocity or the 
tension, the work performed is correspondingly increased. 
The working strain on good leather belting may be taken 
at from 45 to 60 pounds per inch of width ' for single belts 
and at double that amount for double belts when the thickness 
is double that of the single belt. From the above, a heavy single 
belt running at 1,000 feet per minute will transmit 60-33 or 1.8 
horse power, while a heavy double would transmit 3.6 horse power. 
At 4,000 feet per minute these same belts would transmit 7.2 
and 14.4 horse power respectively, and if the widths were in- 
creased to 10 inches they would transmit 72 and 144 horse power 
respectively. The tables ordinarily used give powers somewhat 
under the above, a common rule being to allow one inch of 
width at 1,000 feet per minute for every horse power with single 
belts and one-half inch of width for double belts. This rule gives 
a most 'liberal margin, especially for single belts. Excessively 
tight belts should be avoided not only because of the injury to 
the belt but because of the excessive strains on shafting, boxes, 
and pulleys. Covering the face of the pulley with leather increases 
the adhesion of the belt from 30 to 40 per cent. A cover of this 
kind must be carefully put on, for best results, the leather from 
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which it is made being- scarfed to uniform thickness and fitted 
closely over the pulley. 

Whenever the character of the work permits, leather belts 
should be made endless by beveling the ends and making a glued 
lap joint. This makes a strong joint that runs smoothly over the 
pulleys, and is most important in the case of high speed belts 
operating on pulleys of small diameters. In double belts the 
joint should be lapped as shown in Fig. 627. It is not necessary to 

I ^ 'V 

FIG. 627. 

use rivets or other fasteners in connection with the glued lap 
joints. In fact, the best practice now dispenses with them en- 
tirely. In gluing the joint a special belt glue should be used 
and applied hot to both surfaces in order that it may penetrate 
well into the pores of the leather. The surfaces must be clamped 
firmly and squarely together and given sufficient time to dry 
well. 

The lacing of belts is a matter of much importance and suf- 



FIG. 62S. 


ficient care is not ordinarily exercised in this work. The time- 
honored method of lacing belts with thongs of rawhide has nearly 
given over to the better practice of using wire lacing, or a limited 
few of the many patented belt fasteners. The usual troubles with 
fasteners arise not from the fastener itself, but fi'om its improper 
application. *For any kind of fastener the belt must be. cut square, 
a try square and not the eye being depended upon for this work. 
The ends must be held squarely together when the fastening is 
made. 
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Heavy belts should, for gluing or lacing, be drawn together by 
means of the belt clamps shown in Fig. 628 in place on the pulleys ; 
as the edge of a wide, tight belt is invariably stretched when 
run onto the pulleys. On the side next to the pulley the lace 
leather, wire, or fastener should run parallel with the belt's length, 
-and not cross each other, as in that, case they make a rough 
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surface and wear off very quickly. The holes should be punched 
exactly opposite each other and should be the smallest possible 
that will let the lacing through. In the case of raw hide lacing, 
the usual mistake of using too few strands and too heavy a thong 
should be avoided. A satisfactory method is shown in Fig. 629. 
The strands on the inner side should be about 5-8 of an inch apart, 
and the staggering of the holes gives a firm hold on the ends of 
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the belt. It is best to lace from the edges to tne center, tying off 
at the center. 

In Fig. 630 is shown the method of lacing belts with wire 
lacing. The method is practically the same as with thongs. The 
wire used is of comparatively high tensile strength and very 
pliable., By cutting shallow grooves between the holes on the 
pulley side of the belt for the strands of wire to lie in a very 
smooth and durable joint is made by this means. The ends should 
be carefully tied off or otherwise there is danger of injuring the 
hand in shifting the belt. 

Leather link belts, an example of which is shown in Fig. 631, 
are used to quite an extent for certain classes of work. They are 
built up of leather links hinged together by rods, as shown in the 
figure. They are very heavy, run smoothly, transmit heavy loads 



FIG. 631. 


per inch of their width; will not come unglued from dampness, 
wear the pins faster than the leather and are very high in price. 

The care of leather belting is a subject which receives too 
little attention. As above mentioned, avoid dampness and ex- 
cessive heat, lace properly and run the proper side to the pulley. If 
the belt slips do not 'dope it with compounds of questionable qual- 
ity, rosin, soap, etc., but tighten it. If it continues to slip after 
it has been made reasonably tight it is evident that it is too narrow. 
Put on a wider belt, or double the thickness of the troublesome 
one. 

As the original '"stuffing” or lubricant dries out, the belt loses 
its pliability, wears rapidly and cracks. Neat’s-foot oil, tallow and 
a few of the prepared compounds are suitable for use on leather 
belts for softening, lubricating and preserving them. Mineral 
oils injure belts as they penetrate and drive out the original lubri- 
cants. 



BELTING AND TRANSMISSION MACPIINERY. 497 

In the majority of cases belts are used to connect parallel 
shafts. When shafts rotate in the same direction, the connecting 
belt is called an “open” belt, and when they rotate in opposite 
directions it is called a “crossed” belt. The arc of contact is. that 
portion of the pulley’s surface covered by the belt. It is evident 
that the “arc of contact” is greater with the crossed then with 
the open belt, and that a crossed belt will, other conditions being 
equal, transmit more power than an open one. Wide crossed 
belts should be avoided in cases where the shafts . are close to- 
gether. 

The adhesion of the belt to the pulley is dependent upon the 
condition of the belt and pulley surfaces, and the weight and 
tension of the belt. If the shafts are close together the weight 
of the belt is small and its tension must be greater in order to 
transmit a given power. When the shafts are reasonably far apart 



the weight of the belt adds much to its adhesion to the pulleys. 
For narrow belts lo to 15 feet are good centers when the belts 
are operating over pulleys of comparatively small diameters. With 
wider belts operating over larger pulleys 20 to 25 feet should, 
if possible, be allowed, and for heavy drive belts 30 to 50 feet 
are usual. Too long a belt is liable to whip, especially in cases 
where the power transmitted is not perfectly steady. Whipping 
injures the belt and causes severe strains on the machinery. 

When possible the lower side of the belt should be the ten- 
sion or driving side, making the condition as shown in Fig. 632. 
If the top side is the driving side, the condition becomes as shown 
in Fig. 633. The arc of contact is much greater in the first case, 
and as a consequence a more powerful drive is obtained than in 
the latter case, all other conditions being equal. 

When parallel shafts in a vertical plane are connected as shown 
in Fig. 634, the tension must be much greater than in the cases 
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above referred to, inasmuch as the weight of the belt tends to 
hold it away from the lower pulley. When the difference in 
diameter between the pulleys is great, a heavy belt on fairly long 
centers, run as shown in Fig. 635, should be used when possible. 
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When the centers are close and a tightener becomes necessary 
it should always be put on the slack side of the belt as shown in ■ 
Fig. 636. This location puts a minimum amount of pressure 
on the tightener and its bearings. Tightener pulleys should be 
of liberal diameter in order to prevent noise and wear due /to 
high rotation and injury to the belt due to a short reverse bepd.f 
In Fig. 637 is shown a method of driving two parallel shalfts 



FIG. 637, 


from a third parallel with them. One belt runs on top of the other 
oil the driving pulley. 

In Fig. 638 is shown what is generally known as a quarter 
turn belt, commonly used for connecting shafts at right angles 
with each other and in different planes. The location of the pulleys 
must be such that the belt leads from the face of one to the 
center of the face of the other. With this arrangement the direc- 



tion of rotation cannot be reversed. The pulleys should have 
liberally crowned faces and pulley A should have a face ij 4 
times the width of the belt. The centers must be reasonably far 
apart to give good results. 

When shafts are in the same plane and at an angle with each 
other they may be connected as shown in Fig. 639 by what is 
called a quarter-twist belt operating over mule pulleys. The pul- 
leys should all be of the same size and well crowned. By having 
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the mule pulleys so mounted that their axes may be inclined from 
each other, the driving pulley may be made of a larger or smaller 
diameter than the driven. 

When belts run on straight-faced pulleys it is necessary to 
guide them on the pulleys in some manner, as otherwise they are 
quite apt to run oit, a.nd especially so if the shafts are not exactly 
parallel with each other. In such cases a pair of fingers, between 
w^hich the belt runs, is placed a short distance from the driven 
pulley on the side of the belt which leads onto the pulley. Flanges 
on the edges of the pulley are frequently employed. As the usual 




form of flange guides the belt after it makes its bearing on the 
face of the pulley, the desti'uctive action of the flange on the edge 
of the belt is great, due to the resistance of the belt to a change 
in direction after it has come in contact with the pulley's face. 
This action is reduced somewhat by under cutting the face of 
the flange so that only its outer portion comes in contact with the 
edge of the belt, thus virtually forming a guide at some distance 
from where the belt comes in contact with the pulley’s face. 

When belts are not to be shifted the usual method of guiding 
is by crowning the face of the pulleys. The belt then tends to run 
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on the high part of tne pulley for the following reasons : If, as 
shown in Fig. 640, the belt is forced to one side, the edge a be- 
comes stretched, making that part of the belt in contact with the 
pulley’s surface of conical shape, with the edge a traveling faster 
than the edge b, thus causing it to run in the direction of the 
arrow and to center itself on the pulley. 

When the shafts are parallel a belt always runs to the high 
part of the pulley. If, however, the shafts are not parallel and the 
high side is caused by the position, and not the shape of the 




pulley, as shown in Fig. 641, the belt runs to the low edge, inas- 
much as it passes onto the pulley in a spiral direction and all 
points when they first come in contact with the pulley’s surface 
are carried in the direction of the pulley’s rotation as indicated 
by the arrow. 

When the distance between shafts becomes great, leather belt- 
ing is no longer suitable for transmitting the power and con- 
necting shafts or i*ope belting is substituted. The connecting shaft 
method Is but little used and is well adapted only when the shafts 
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are in the same horizontal plane, the connection usually being* 
made two quarter-twist belts as shown in Fig. 639. 

The use of rope transmission has nearly superseded the shaft 
method because of its higher efficiency and greater flexibility. It 
is difficult to conceive of aiw combination of shafting as to posi- 
tion, angles, etc., that cannot be successfully connected up by 
rope drives. 

As wire rope transmissions are not frequently used in shop 
drives, only those cases pertaining to cotton and manila rope drives 
will be considered. 

For the transmission of power, only the best of cotton and 
manila rope is suitable. Cotton rope because of its greater flexi- 
bility is better adapted for service on small diameter sheaves than 
manila rope. It is not as durable as the manila, has not the ten- 
sile strength, is harder to splice, and higher in first cost. 

The manila rope used for transmission purposes should be of 
the best possible quality, manufactured from long fiber manila 
which has been carefully cleaned and selected. The smaller ropes 
are made of three strands, with four and six strands for the heavier 
ropes. The four and six strand ropes have a central core around 
which the strands are laid. The principal wear in transmission 
rope comes from the continuous rubbing of the fibers together. To 
overcome this has been the great study on the part of the transmis- 
sion rope manufacturers. The free use of a lubricant, as plumbago 
and tallow, on the core and inner strands of the rope serves to 
soften and reduce the wear on the fiber. 

The splicing of transmission rope is a most important opera- 
tion and one upon which the success of the drive very largely 
depends. The splice is the weakest point in the rope, yet if prop- 
erly made it will wear well and seldom gives trouble. It is quite 
necessary that the splice be a long one, and when finished of the 
same diameter as the balance of the rope. The ends must be so 
secured that they will not wear or cause their covering strands 
to wear off, thus freeing the ends enough to allow them to whip 
out as they pass over the sheaves. Old sailors do not know how 
to splice transmission rope, and should not .be called upon for 
this service. A careful mechanic, following instructions, usually 
has no trouble in making a satisfactory splice. It is extremely dif- 
ficult to splice a piece of new rope into an old one, as the stretch 
is out of the old rope, which causes it to pull away from the new. 
There is also considerable difference in diameters. In such cases 




wholly dependent upon the judgment of the workman, to allow for 
the stretch in the new rope. 

The illustrations in Fig. 642 and the instructions following are 
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those furnished by the Link Belt Machinery Company for malcing; 
standard rope splices. 

TO SPLICE A FOUR-STRAND MANILA ROPE. 

Tie pieces of twine a and b around the rope to be spliced one- 
half the length of the splice from the ends. (See table for length 
of splice.) Unlay the strands of each rope back to the twine. 
Butt or mesh the ropes together and twist corresponding paii^s 
together to keep them from being tangled, as shown in A. Cut a. 
Unlay strand 8 and carefully lay strand 7 in its place for a dis- 
tance equal to three-fourths its length. Strand 5 is next inlaid 
about one-quarter its length and strand 6 laid in its place. The 
ends of the cores are now cut otf so they just meet. Unlay strand 
I three-quarters of its length, laying strand 2 in its place. Unlay 
strand 4 one-quarter of its length, laying strand 3 in its place. 

Cut all the strands off to a length about 20 inches for con- 
venience. The rope will now have the appearance shown in B. 
Each pair of strands is now subjected to the following operation. 
(See figure C.) 

Split strands 7 and 8 in halves from the ends to the point of 
meeting at the body of the rope. The end of each half strand is 
now whipped with a small piece of twine. Take half strand 7a and 
corresponding half strand 8a and tie them in a single knot, draw- 
ing the knot down firm and taking care the yarns lie in so that 
the knot has the same appearance as the rest of the rope. We 
now pass on to D. 

The rope is now opened by inserting a • marlinspike between 
strands 8 and the other two strands at a point just beyond the 
knot. Half strand 8b is pulled out and half strand 7a pulled in, 
in place of half strand 8b; care being taken in pulling in half 
strand 7a to keep the rope smooth and firm, also to keep the 
yarns twisted the same amount as -in the rest of the rope. Con- 
tinue this operation until about one-quarter of half strand 7a is 
used. Then drop a yarn from each strand by pulling* out of 
half strand 8b less one yarn and pulling in half strand 7a less 
one yarn, thus keeping the number of yarns in the strand the 
same and the rope the same size as at any point. Go on as before, 
dropping a yarn at every second opening until all of the yarns are 
dropped. The dropped yarns are laid over the strand being 
worked on and pulled under the adjacent strands respectively 
at the time they are dropped by opening the rope. They are then 
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cut off to about 2 inches long. Half strands 8a and yh are treated 
in like manner, going in the opposite direction. 

The ends of the yarns left sticking out will partly be drawn 
into the body of the rope and partly worn oft' in a short time, so 
that the locality of the splice can hardly be detected. 

Ill the larger ropes from one inch up, two yarns may be 
dropped at a time when that stage of the splice has iDeen reached, 
as it would make too long a splice to drop them one at a time. 

Size of Rope. Length of Splice. 
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There are two systems of rope transmission in common use — 
the '■'■’multiple system” and the '■'‘continuous system."” The 
‘‘multiple system” consists of independent ropes running 
^ide by side, while the “continuous system” consists of one 
rope wound around the pulleys several times. The 'hmiltiple 
system” is much used for transmitting heavy powers, and while 
not so adaptable to many special drives, possesses some important 
advantages over the “continuous system.” In the case of a rope 
failure it can be removed, the balance of the ropes carrying the 
load until the repair can be conveniently made. As idlers and 
tension pulleys are not ordinarily required, the rope is not sub- 
jected to a continuous reverse bending, thus making it more dur- 
able. In Fig. 643 is shown an example of the “multiple system” 
of rope driving. 

In the “continuous system,” an example of which is shown 
in Fig. 644, a single rope is used, it being wrapped continuously 
about the drive and driven sheaves with a tension idler to take up 
the slack. The use of the tension carriage is necessary in order 
to take up the stretch in the rope and maintain a uniform tension 
in it. The position of the tension carriage should be such that it 
takes care of the slack at the point where it naturally accumulates. 
In the example shown the last strand from the driver leacl^^uvtr 
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an idler sheave mounted at the side of the driven sheave. The 
tension is taken from this sheave back to the opposite groove 
on the driven by means of the tension sheave, the axis of which 
is sufficiently inclined to lead the rope properly. 

The applications of the rope drive are many, and for the 



FIG. 643. 

smooth, quiet transmission of powel' it has become a popular 
method. Perfect alignment of sheaves is not necessary, and 
shafts may be run at any angle with each other and at any dis- 
tance within reasonable limits. 

The sheave pulley is one in which deep grooves arc cut in its 
rim to receive the wraps of the rope. They are made of cast iron 



FIG. 644. 

With the surfaces of the grooves very carefully polished, as any 
loughness wears the rope unduly. Por driving and driven sheaves 
the accepted form of groove is the one shown in Fig. 645 at A. 
The angle of the sides of the groove at the pitch line a a is 45 
degrees with each other. The sides are, however, slightly coii- 
section, which piodtices a rolling motion in the rope re** 
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suiting in a more uniform wear on the rope than when it runs 
without rolling. 

The width of the groove at the pitch line is such that the 
rope bears on the sides, thus wedging in and causing a high fric- 
tional resistance to slipping. When used as an idler the bottom 
of the groove, as shown at B, is semicircular, the radius being 
equal to or slightly greater than the radius of the rope when 
new. 

When the sheave has two or more grooves it is very important 
that they be of the same shape, size, and diameter in order to 
avoid any slipping or “creeping” of the rope. Sheaves smaller 
in diameter than 30 times the diameter of the rope should not be 
used with ropes under i }4 inch. With ropes over inch in 





diameter the sheave should not be less in diameter than 40 times 
the rope diameter. The larger the sheave the less the bending of 
the rope and consequent wear upon it. 

The usual speed at which ropes are operated is between 3,000 
and 4,000 feet per minute. When the speed exceeds 4,000 feet, 
but little gain can be had in the power transmitted up to 5,000 
feet, and above that speed the power transmitted, due to the ex- 
cessive centrifugal action, falls off rapidly. 

The table in Chapter XXXIV, compiled by C. W. Hunt, gives 
the horse power of “Stevedore” transmission rope at various 
speeds. 

Shafting as universally used at the present time for power 
transmission purposes is of mild steel finished smooth, round and 
true, either by turning or by cold rolling. Turned steel shafting 
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runs in sizes i~i6 inch under the common sizes, as i 15-16, 2 3-16^ 
2 7-16, etc., it having been finished from black stock of 2, 2 }^ 
and 2j/< inches diameter, respectively, by turning in a special shaft- 
ing lathe. The final true surface on turned shafting is obtained by 
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passing a hollow reamer or shafting burr over it, or by a final 
rolling process. Cold rolled shafting is given its final finish by a 
cold rolling process which leaves a true smooth surface and also 
intensifies and stififens the material. When a number of lengths 
of shafting are to be connected together a suitable coupling must 
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be employed. A flanged face coupling is shown in Fig. 646. These 
should be fitted to the ends of the shaft ?nd the faces turned in 
place, thus insuring faces at right angles to the axis of the shaft 
and a true connection. Compression couplings are of numerous 
forms, man} possessing good points. In Fig. 647 is shown a 
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simple and effective compression coupling. It consists of two 
semicircular shells fitted and bolted together. The shaft ends 
come together in the center and are held concentrically true. A 
key properly fitted makes a positive drive and a pin projecting a 
short way into the shaft at each end of the coupling prevents the 
shafts from pulling out of the coupling. 

Shafting lengths should be so selected as to bring the couplings 
close to the bearings. For example, if bearings are eight feet apart 
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the shafting lengths should be 8, 16 or 24 feet. When it is fre- 
quently desirable to disconnect two lengths of shafting a dental 
coupling, Fig. 648, may be employed. The construction is evi- 
dent. The end of one shaft should extend into the opposite 
coupling enough to hold the ends concentric. A bearing should be 
provided on each side of this form of coupling*. They cannot be 
operated when the shafts are in motion. 

The universal coupling, Fig. 649, is suitable for connecting 
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shafts which are at a small angle with each other. They will oper- 
ate at an angle of 25 degrees, but are not well suited to the pur- 
pose when the angle exceeds 10 or 15 degrees. 

Pulleys for power transmission purposes are of two classes, 
whole and split. The whole pulley is made in a single piece and 
must be put on its shaft from the end. The split pulley is made 
in halves and can be put on the shaft at any point in its lengtln 
Pulleys are constructed of wood, cast iron and wrought iron or 
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steel. The wood pulley is built up of small sections of hard wood, 
well glued and secured together, the whole being turned true. 
They are provided with bushings for any size of shaft and are 
secured to the shaft by a clamp hub. They are lighter than cast 
iron pulleys and are well adapted to high speed work. They are 
little used in machine shops. 

Cast iron pulleys are, when of large diameter, made in sections 
because of the severe shrinkage strains in the castings. They 
should alwa3^s be balanced, and when of extra wide face they 
should be provided with double sets of arms as shown in Fig. 650. 
The steel rimmed pulley shown in Fig. 651 is coming into quite 
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extensive use. It consists of a cast iron center or spider with a 
sheet steel rim riveted to the arms. It is a light, strong pulley, free 
from strains and well suited to all classes of work. 

Pulle3’s are “tight” or “loose,” depending on whether they are 
to be secured to the shaft or are to turn freely upon it. They are 
“straight” or “crowned,” depending on whether they are to carry 
shifting or non-shifting belts. When used for very heavy service 
the rims are made extra heav3c 

When it is necessary^ to frequently stof) or start a pulley with- 
out stopping the shaft a clutch pulley is employed. In Fig. 652 is 
shown a cut of such a pulley. The clutch is keyed to the shaft 
and the pulley runs free upon the shaft when the' clutch is dis- 
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engaged from it, as shown in the figure. By sliding the sleeve 
toward the hub of the clutch the toggle joint closes the jaws 
firmly onto the smooth rim attached to the pulley, thus locking 
the two firmly together. There arc many forms of clutches, differ- 
ing* widely in design, made. One of the most important features 
of a good clutch pulley is a long bushing in the pulley with suit- 
able provisions for its thorough lubrication. 

Shafting must be carried in suitable bearings, which are 
mounted in what are known as hangers. A hanger is a frame, 
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usually of cast iron, which carries the bearing and is suspended 
from the ceiling. The same frame when set on the floor becomes a 
floor stand, and when made. to fasten to a post or the wail is called 
a post hanger. Wall boxes are made to set in the wall in 
cases where the shaft passes through the wall. 

The most important feature of all hangers is the box or bear- 
ing. They should be lined with a good grade of bearing metal 
and {preferably provided with some form of self-oiling device. In 
Fig„ 653 is shown a self-oiling hanger bearing. The form is known 
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as a ring- oiling bearing ; the ring shown running on the shaft car- 
ries the oil from the reservoir to the bearing. Chains and wicks 
are used for this purpose in other forms. 

The proper erecting of line shafting requires good care and 
judgment on the part of the workman. The perfect alignment 
of the shafting and proper setting of bearings means much as to 
the efficiency of the plant. Poorly lined shafting absorbs much 
power, causes undue wear and trouble with the boxes and incor- 
rect running belts. 

When properly lined it must not be assumed that the alignment 
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will always remain correct. The pull of belts ; the spring of lim- 
bers due to changes in load put upon the floors ; the warping of 
timbers due to atmospheric condition ; the loosening of bolts and 
shimmings due to vibration, caused by poorly balanced pulleys, 
all tend to affect the alignment and make occasional surveys of 
the line shaft quite necessary. 

The quickest and most satisfactory method of lining is by 
means of the surveyor’s transit. If the two ends of the line are 
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determined, mark these points with copper tacks driven in the 
floor and bearing a center punch mark at the correct point. Set 
the transit over one of these points and line it to the correspond- 
ing point at the other end of the line and next establish as many 
points in the line on the floor as there are hangers. The points 
should be just outside the hanger bearings and the distance from 
point to point should be found by tape measurement. By dropping 
a plumb line over the side of the shaft at each point of its support 
and adjusting the hanger until the plumb centers over the marked 
tack in the floor the horizontal alignment is obtained. The vertical 
alignment is next obtained by taking level readings on a rod held 
vertically against the under side of the shaft, the hangers being 
adjusted until all readings are alike. 

When the only apparatus to hand is a spirit level, a straight 
edge and plumb bobs, the following method may be employed. It 
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should, however, be noted that the ordinary level is c[uite unsuit- 
able for this class of work. An accurate one must be used. The 


correct end points, having been determined on .the floor as in 
the former case, stretch a strong fine line tightly over these points 
and just clearing the floor; establish the other points by this line, 
and plumb the shaft to the points so found for horizontal adjust- 
ment. For the vertical adjustment drive a small-headed nail a 
short distance in the floor by the side of the tack representing one 
of the end points. As the plumbing was from the side of the 
shaft and the floor points are consequently one-half the shaft 
diameter from the vertical line through the center of the* shaft, the 
nail should be located from the point in the direction that will 
bi'ing it in the vertical line referred to. Move to the next point 
and locate a nail as at the first point. Drive this nail in until an 
accurate straight edge resting on its head and- the head of the 
first nail shows perfectly level with the second and continue for 
the entire number of points, thus giving a level line of nail heads 
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under the center of the shaft. Next adjust a tram to the exact 
distance between the top of the first nail head and the bottom of the 
shaft and adjust the shaft vertically at all other points to just touch 
the tram. It is usually advisable to tram the two ends of the sliaft 
first, locating the hangers at the ends, so the shaft comes- within 
the adjustment of the boxes. This method is illustrated in Fig. 
654, and makes a simple and reliable method-. 

Another method, not so reliable as the above, is as follows : For 
the horizontal adjustment, drop a plumb line from the side of the 
shaft at each bearing, and standing at the end of the shaft direct 
the necessaiy adjustments to make all of the lines appear as one 
single line to the eye. For the vertical adjustment begin at one 
end of the line, place the level on the shaft and adjust the second 
bearing until the first section shows level. Move to the second 
section and -adjust the third bearing until that section is 
level,- and in like manner carry the level through the entire length 



of the shaft. If in this method it is difficult to keep the plumbs 
from swaying, immerse each bob in a bucket of water, which will 
aid much in bringing them to rest. 

When shafts are to be made parallel with each other it is 
usually better to establish points on the floor and work from these 
than to attempt to tram a measure in mid air. When shafts on 
different floors are to be made parallel the plumb line must be car- 
ried through a hole in the floor, being careful that the line docs not 
touch the sides of the hole. 

The above methods are applicable to most cases found in 
practice. 

A jack shaft is usually a short shaft which receives the full 
power from the motor and distributes it to the other shafts. 

Machine shop line shafts are usually speeded at from 125 to 
150 revolutions per minute and wood shop lines at from 250 to 
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300. The comparatively low speed for machine shop lines is made 
necessary in order to use drive pulleys of fairly good diameter 
for the slow speed machine tool counter shafts. 

It is always best when possible to apply power to a line shaft 
as near its center as possible. Heavy drive pulleys should be 
placed close to the hangers, and the belts should lead in opposite 
directions as much as possi1:)le, in order to balance up those strains 
which tend to throw the shaft out of alignment. 

In calculating the speed of pulleys the following ratio may be 
employed. 

Diameter of driver Revolutions of driven 


Diameter of driven Revolutions of driver 

Take for example Fig. 655. The pulleys A, B, C and D are 
respectively 40, lo, do and S inches in diameter, and the shafts 
■ make 100, 400 and 3,000 revolutions per minute. This constitutes 
a compound drive. Consider each drive separately. Assume A as 
the driver of the first pair and C the driver of the second pair, 
J> and D are the driven. If A and its revolutions and the diameter 
of B are given to find the revolutions of B. 

40 Revolution of B 40 

— ™ ^ revolution of B = 100 X — == 400 

10 100 10 

If D, must make 3,000 revolutions and its diameter is assumed 
as 8 inches, then to find diameter of C we get 

Diameter C 3000 3000 240 

= j diameter of C = 8X = — = 60 

8 400 , 400 4 

In any case multiplying the diameter of one pulley by its revolu- 
tions and dividing the product by the diameter or revolutions of the 
other pulley will give the revolutions or diameter of the second 
pulley, as the case may be. 

Tables giving horsepower and other tables pertaining to shaft- 
ing and belting are given in Chapter XXXIV. 

The electrical transmission of power is now being very largely, 
employed, especially in cases where the distances arc great. The 
convenience of the system has made it a very popular one. The 
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small power user can buy liis power from the central power station ; 
and the large plants, requiring power in widely separated build- 
ings, can concentrate their engines and generators in one station 
and distribute the power to any required number of motors operat- 
ing the various line shafts. It is usual to put a separate motor 
on each line and to hold the length of the line with- 
in reasonable limits. This makes possible the shutting 
down of any one line for repairs or other purposes with- 
out affecting the balance of the plant, a condition frequently of 
great value. The concentrating of the power into one plant and 
the employment of large units add much to the efficiency of operat- 
ing over several small units scattered about the plant. The losses 
in generators, motors and line usually reduces the mechanical 
efficiency of the system to about So per cent, of the power devel- 
oped by the engine. Belts, rope and shafting are more efficient 
for short transmission, but when the distances become great, the 
electrical transmission leads in points of efficiency, cost, safety and 
convenience. 

The application of motors directly to machine tools is coming 
into quite extensive use. The advantages are chiefly in the doing 
away with the overhead work, thus leaving an unobstructed 
passage for the operating of cranes and carriers. It is also possible 
to set the machine in any position regardless of the direction of 
the line shaft. 

The motors used for this class of work are either of the con- 
stant or’ variable speed class. With the constant speed motors the 
counter cone is driven by the motor, either directly or hy belt, and 
the variations in spindle speeds are obtained in the usual manner. 
In the variable speed motor system, the motor drives the spindle 
directly, the changes in speed being accomplished by changing the 
speed of the motor. 


CHAPTER XXXIII. 

MISCELLANEOUS SHOP EQUIPMENT AND CONVENIENCES. 

The use of compressed air in the shop for the driving of small 
motors, air hammers, drills, hoists, etc., is Cjuite common. Its 
convenience and adaptability to these uses more than balance the 
losses incident to its compression. Any form of air-driven tool 
or motor is necessarily an extravagant one so far as cost per horse 
power developed is concerned. 

Many of these motors could be operated by steam, but the heat 
would prevent them from being conveniently handled and the 
exhaust must be piped outside. With air, on the other hand, the 
tool or motor is kept cool and the exhaust discharges in the room. 

One of the most important uses of compressed air is for hoist- 
ing work. In Fig. 656 is shown a pneumatic hoist. It consists of 
a cylinder, of diameter suitable for the loads it has to lift, in 
which a piston having a cup leather packing is fitted. The piston 
rod cari'ies a hook at its lower end for receiving the connecting 
rope or chain from the load. The compressed air is piped to a suit- 
able three-way cock which admits and releases it from under the 
piston, depending on which way the cock is turned. 

In its action the air hoist is much quicker than the chain hoist. 
It lifts its load without shock or jar, and is generall}^ considered as 
an economical method of lifting material. It is usually attached 
to a crane or some form of carrier, as it is in most cases necessary 
to pick up the load at one place and deposit it in another. If 
the distance carried is great, the hoist is uncoupled after the load 
is lifted, the air in the cylinder holding it up, providing the cock 
and rod gland do not leak. This avoids a very long conneciing 
hose. The amount of air required to make a lift depends on the 
weight raised, the full tank pressure being required only in the 
case of a maximum lift. A considerable amount of waste usually 
occurs in the filling of that portion of the cylinder at the bottom 
which does not represent lift. Thus, if the piston lifts one foot 
before it begins to raise the load, that volume must be filled with 
air at the required pressure before any useful work is performed. 
It is, therefore, always best to couple as close to the work as possi- 
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ble and get the required height of lift in the lower portion of the 
piston's stroke. 

Hoists of the class shown require considerable head room. 
When this is not available the c}dinder may be placed in a hori- 
zontal position, as shown in Fig. 657. x\s shown, the lift is made 
on the push stroke, and the method of coupling gives a lift double 
the stroke of the piston. Short cylinders of large diameters sus- 
pended as shown in Fig. 656 and using a push stroke with a multi- 
plying gear, are frequently used in places where head room is 
limited. They possess the advantage of not taking up so much 
room, laterally, as the form shown in Fig. 657. 

Elevators are frequentF operated by pneumatic hoists, either 
by direct or a multiplied lift. 

Pneumatic hammers for chipping, riveting, and calking have 
come into very general use. With them a very great saving in 
labor is effected, as one hammer in the hands of a competent 
operator will perform the work of several men with hand tools. 

In Fig. 658 is illustrated a pneumatic hammer suitable for 
medium heavy chipping and calking. A hose connects the hollow 
handle with the air supply and the valve which admits the air to 
the cylinder is controlled with the thumb. The cylinder contains 
the piston or hammer at the handle end, and the anvil which carries 
the chisel or other tool at the nose end. The pressure of the air 
is employed in giving the piston a rapid reciprocating motion, it 
striking with full force on the anvil at each forward stroke and 
cushioning against the air on its return stroke. These hammers 
are made in various sizes, suitable for all classes of work. The 
tool shown weighs 8 pounds and requires 25 cubic feet of free air 
per minute compressed to 80 pounds with which to operate it. 

The pneumatic drilling machine shown in Fig. 659 is a portable 
tool much used for drilling and reaming on boiler, bridge and 
structural steel work. The machine shown is virtually a small, 
high speed, reciprocating engine. It has four single acting cylin- 
ders with nicely fitted trunk pistons, which are connected with a 
double throw crank, carrying at its lower end a pinion which 
meshes with a gear on the drill-carrying spindle. The tool shown 
weighs 30 pounds, requires 35 cubic feet of free air compressed to 
80 pounds per minute to operate it and will drill successfully holes 
up to 2j4 inches in diameter. Various types of rotary engines 
are applied to this class of machines. They are not as economical 
in air consumption, however, as the piston types. 
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Hand hoists are much used in the handling of weights too 
heavy for one man to lift. They are comparatively slow and con- 
sequently not well adapted to regular work in places where pneu- 
matic or power hoists can be used. They are more of the nature 
of a jobbing hoist, are compact, portable and may be worked in 
any desired position. The differential, hoist shown in Fig. 660 
is an exceedingly simple single chain hoist. The two upper 
sheaves are independent of each other, the one being slightly' 
larger than the other. By pulling the chain over the larger 
sheave it takes up faster than the smaller sheave lets out, conse- 
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quently the hook goes up. One man can lift from 800 to 1,000 
pounds with this style of hoist. 

The geared hoist Fig. 661 is an example of the many 
hoists of this character that are made. It is a spur geared hoist 
with a suitable brake for holding the load. This form of hoist 
is more rapid than those using a worm and gear and is compact, 
requiring a minimum amount of head room. With the better 
hoists of this class one man can lift the rated load. With this 
class of hoist the higher the speed the less the weight that can 
be raised with a given effort. 

Power hack sawing machines, an example of which is shown 
in Fig. 662, have come into very general use. These machines 
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use the regular pattern of hack saw blades, which with proper 
care will do a remarkable amount of cutting. They require little 
attention and when the blades are properly adjusted, will saw 
off work reasonably square. They are so constructed that when 
the blade drops through the work the machine stops. When the 
blade is new the weight holding it to the cut should not be too 



heavy, as the cutting teeth are sharp and bite so freely that there 
is danger of stripping off the teeth or breaking the blade, especially 
if the work is of small diameter, thus permitting contact with but 
a few teeth at each point in the stroke. Tubing is very hard on 
blades and should be cut with light pressure and saws which are 
somewhat worn. Oil is not used on the hack saw blade. 

In Fig. 663 is shown a ‘'balancing way” used in the balancing 



MODERN MACHINE SHOP TOOLS. 


of rotating parts, as pulleys, spindles, etc., which from the nature 
of their work, must be put in perfect balance. The machine has 
a pair of smooth, hardened ways, parallel with each other, and so 
mounted that they may be accurately leveled. Spindles, or work 
carried on spindles, when placed on the ways will rotate and come 
to rest with the heavy side down. By removing weight from the 
heavy side or adding to the light side, the piece may be brought 
into perfect balance as indicated by its action on the ‘'way.’' 

For tempering, case-hardening, brazing, melting of babbitt, 
etc., a gas or gasoline forge is admirably adapted. They are 
cleaner and more convenient than coal or coke fires. With the gas 
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forge a supply of compressed air is necessary. With the gasoline 
forge, an example of which is shown in Fig. 664, an air pressure 
of from 20 to 60 pounds is maintained on top of the gasoline 
in the tank. Two or more burners are so placed that their blasts 
are concentrated at a common point, fire brick baffle plates re- 
taining the heat. 

The proper lubrication of high speed machinery requires a 
liberal supply of oil and consequently some means of catching 
this oil after it has performed its work. Self-oiling boxes 
should be frequently drained of old oil and supplied with fresh. 
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The oil which has been thus used is unfit to be used again, as 
it is full of impurities which have been washed from the bear- 
ings. This oil usiiah}^ retains all of its lubricating properties 
and by passing it through a suitable filter the impurities are re- 
moved mechanically, thus cleansing, refining and making it suit- 
able for use again. 

The reclaiming of oil which cannot be drained from the chips 
which accumulate in the pans of screw machines, or other 
machines using oil on the cutting tools, is an important matter. 
This class of oil is high in price and can be used repeatedly if 
reclaimed. The only satisfactory method of doing this is by 
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means of a centrifugal separator, an example of which is shown 
in Fig. 665. In this machine a strong inner drum mounted 
oil a vertical spindle and capable of high rotation is filled with 
the oily chips. The outer casing which surrounds the drum 
serves to catch the oil which is thrown off from the chips by the 
centrifugal action. In this manner practically all of the oil is 
reclaimed. 

The accumulation of oily waste about the shop is a constant 
source of danger and more especially in cases where there is the 
possibility of its receiving moisture, as spontaneous combustion 
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is very apt to occur. The only safe way to dispose of this ma- 
terial is to burn it at regular intervals. While accumulating it 
should be thrown in iron buckets of the character shown in 
Fig. 666. These buckets are made of galvanized iron and riveted 
together. They are provided with legs and a close fitting cover. 
In case the waste starts to burn it is so completely cut ofif from 
the air that the combustion is necessarily slow and may be de- 
tected by the smoke and odor. 

The systematic keeping of stock and tools in the machine shop 
is a matter of very great importance and one requiring for each 
particular case a great deal of thought. Small tools, jigs and 
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fixtures should be kept in a tool room under the charge of a com- 
petent tool room man who should be responsible for the giving 
out, receiving, inspecting and repairing of all tools and fixtures. 
The tools should be distributed on shelves, racks and in draw- 
ers in such a manner that each article has its particular place, 
thus enabling the tool man to select it upon call with the least 
possible loss of time. It is preferable to keep tools that are for 
general use about the shop in a place where they are exposed 
to view. Tools and fixtures of a special character may be kept 
in drawers properly tagged. In the case of jigs, it is desirable 
to keep them with the full assortment of tools, whether stock or 
special, that are required for the job, in separate drawers. The 
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operator then draws all that he requires for the work in a single 
lot and saves the time and chance for error incident to drawing 
the tools separately. 

The stock room is an extremely important feature in any 
well organized shop. It should be well supplied with bins, 
shelves and racks for keeping the various supplies in a systematic 
manner, and it should be in charge of a systematic man. 

The stock room should receive and give out all materials and 
supplies, keeping at all times an exact inventory of stock on hand. 

In manufacturing shops all stock parts which go to make up 
the machine or articles manufactured are kept in the stock room. 
This gets them away from the machine as soon as completed, 
and puts them where a quantity record of them may be kept, and 




the least possible amount of time lost in getting them when 
required by the assembler. 

For the keeping of small stock, as machine screws, cotters, 
taper pins, etc., revolving racks of the character shown in Fig. 
667 are admirabW adapted. 

Tools and work racks at the machines are very convenient. 
In Fig. 668 is shown an excellent form of lathe rack which has 
two shelves for woi'k and tools, with a drawer for the mechanic’s 
finer tools. A similar rack of larger size mounted on castors 
for moving from machine to machine, is shown in Fig. 669. 
These are convenient for holding work that is to be operated 
upon by two or more machines, as they can readily be moved from 
one to another without the necessity of rehandling the work. 
Racks of this general character may be had of wood or metal and 
of forms suitable for any class of work, 
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The lathe pan shown in Fig. 670 is ‘ intended for use under 
the lathe, the upper tray catching the chips' and the lower one 
'for holding work. It can be readily rolled fioni undei the ma- 
chine for cleaning. It is of special value in cases where an oil 
or water cut is being run on the lathe, as it catches the lubiicant 
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which can be drained ohf through a cock provided for that 
purpose. 

In Fig. 671 is illustrated a form of pressed steel tote box 
or shop pan. They may be had in a large variety of shapes and 
sizes and are admirably adapted to the holding of small parts 
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and supplies. Small hardwood boxes with suitable handles are 
also well suited to this purpose. 

When an oil or water cut is occasionally desirable on work 
in the lathe, the simple device shown in Fig. 672 serves very 
nicely and is much more convenient than the makeshift methods 
so frequently employed. 
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Large cast iron plates planed smooth and true, and mounted 
on suitable legs, are very convenient for the laying off of work. 
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They should be kept for the purpose intended and not allowed to 
be used as shelves for other purposes. 



CHAPTER XXXIV. 

TABLES AND USEFUL DATA. 

The tables and data contained in this chapter have been 
selected with the view of getting together, in convenient form, 
the tabulated information to which the mechanic most frequently 
wishes to refer. 
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.218 

.218 

.218 

,218 

.25 

.25 

.25 

.25 

.25 

.25 

.312 

.312 

.312 

.312 

.312 

.312 

.343 

.343 

.343 


OJ pSH'- 


,112 

.112 

.112 

.131 

.131 

.131 

.15 

.15 

,15 

.15 

.168 

.168 

.168 

.168 

.206 

.206 

.206 

.206 

.206 

.206 

.206 

.206 

.262 

.262 

.262 

.262 

.262 

.262 

.262 

.262 

.3 

.3 

.3 

.3 

.3 

.3 

.375 

,375 

.375 

.375 

.375 

.375 

.412 

.412 

.412 
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TABLB2 f)F DECIMAL EQUIVALENTS OF StHS, lliTIIS, I^2DS AND fi^THS OF AN INCH. 


A .015025 
.03125 
'J’i .040875 
.(J025 
.078125 
.00375 
'c"! .100375 
.125 

fA .140025 
.15025 
‘l,\ .171875 
, 18<0 
.203125 
■ .21875 

"i-j .234375 



1 7 

.20o02a 

33 

til 

.515625 

‘ 


.28125 


.53125 


1 n 

.290875 


.540875 



.3125 


,5025 


.2 1 

.328125 

hi 

.578125 

1 


,34375 

1 <> 

.59375 


Ss 

.3o93T5 

3t» 

U4 

.609375 

3 


.375 


.025 



.3900?6 

41 

04 

.040025 

1 


.40025 

33 

.65025 



.421875 

4 3 
04 

.071875 

iV 


.4375 

1 1 

.6875 


G'i 

.453125 

u 

.703125 

1 


,40875 

23 

.71875 


"ni 

.484375 

0 -i 

.734375 

i 

.5 

3 

4 

.75 


“a 


.705025 

.78125 

.790875 

.8125 

.828125 

.84375 

.859315 

,875 

.890625 

.90625 

.921875 

.9375 

.953125 

.1)0875 

.984375 

1 . 


DIFFERENT STANDARDS FOR WIRE GAUGE IN USE IN THE UNITED STATES. 

Diiiieiisituis of sizes 111 Decimal Parts of an Inch 


1 

Number of 
"Wire Gauge 

K S 0 

0 ^ f- 

0 

g 0 

5 .5: 

B c T 

p 3 

g UJ 

^6 4 

71? G si 

^ci 0 ^ 

0 

•r 3 

S ^ 

K" 

CJ 

is 

ci c3 

KS 

M ^ 

P 

<S| 

cioonno 

00000 

oooo 

000 

00 

0 

1 

3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 
‘33 

34 

35 

36 

37 

38 

39 

40 

.46 ■* 

.40904 
.3048 
.32480 
.2893 
.25703 
.22942 
.20431 
.18194 
.10202 
.14428 
.12849 
.11443 
,10189 
.090742 
.080808 
.071901 
.004 084 
.057009 
.05082 
.045257 
.040303 
.03589 
.031901 
.028402 
.025347 
.022571 
.0201 
.0179 
,01594 
.014195 
.012041 
.011257 
.010025 
.008928 
.00795 
.00708 
.000304 
.005014 
.01)5 
.004453 
.003905 
.003531 
.tK)3144 

.454 

.425 

,38 

34 

.3 

.284 

259 

.238 

22 

203 

.18 

.105 

.148 

.134 

.12 

.109 

.095 

083 

.072 

.005 

.058 

.049 

.042 

.035 

.032 

.028 

.025 

.022 

.02 

.018 

010 
■ .014 
.0(3 
.012 
.01 
.0(10 
.008 

007 

005 

004 

.3938 

.3025 

.3310 

.3005 

.2830 

.2025 

,2437 

.2253 

.2070 

.19,4) 

.1770 
.1020 
.1483 
.1350 
.12) 5 
.1055 
.0915 
.(1800 
,0720 
.0025 
.0510 
.0475 
.0110 
.0318 
,03175 
.0280 
.0258 
.0230 
.0204 
.0181 
.0173 
,0162 
.0150 
.0140 
.0132 
.0128 
.0118 
.0104 
.0095 
.0090 

.404 

.432 

.KHf 

.372 

.348 

.324 

.300 

.270 

.252 

,232 

.212 

,192 

.170 

.100 

.144 

.128 

.110 

.104 

.092 

.080 

.072 

.004 
.050 
.048 
.040 
.030 
.032 
.028 
.024 
.022 
.020 
.018 
,0164 
.0149 
.0130 
.0124 
.0110 
.0108 
.0100 
.0092 
.tX)84 
■ .0070 
.0008 
.0040 
.0052 
.0048 

,227 

.219 

.212 

.207 

201: 

.201 

,199 

.197 

.194 

.191 

.188 

,185 

.182 

.180 

.178 

.175 

.172 

.108 

.104 

.101 

.157 

.155 

.153 

.151 

.148 

.140 

.143 

.139 

134 

.127 

.120 

.115 

.112 

.110 

.108 

.106 

103 

101 

.(99 

.097 

.40875 

.4375 

.40025 

.375 

.34375 

.3125 

28125 

.265025 

.25 

.234375 

.21875 

.203125 

.1875 

.171875 

.15025 

.140025 

,125 

.109375 

.09375 

.078125 

.0703b2o 

.0025 

.05025 

.05 

,04375 

.0375 

.034375 

.03125 

.028125 

.025 

.021875 

.01875 

.0171875 

.015625 

.0140025 

.0125 

.0109375 

.01015625 

.009375 

.00859375 

.0078125 

,00703125 

.006040025 

.00825 

0001)00 

0001)0 

0000 

000 

00 

0 

1 

2 

3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30- 

31 

32 

33 

34 

35 

86 

37 

33 

39 

40 



530 


MODERN MACHINE SHOP TOOLS. 


CmOUMFERENCE, AREAS, SQUARES, ETC., OE CIRCLES. 
Aclvaacing by IGths, 8ths, and 4ths.—l to 50. 


Diameter 
or Number. 

Circumference. 

Area. 

Square. 

Cube. 

1 

Square Root. I 

Cube Root. 


0) g 

l| 

0) 

a 

a 

• 0) 

'M 

B 

1 

0 

Area. 

Square. 

a 

■2 

6 

i 

Square Root. | 

1 

Cube Root. 

1 

3.14 

,785.} 

1. 

1. 

1. 

1. 


7M 

22.78 

41 28 

52.66 

381.08 

2.092 

1-935 


3.34 

.8«(> 

1.13 

1.19 

1.031 

1.020 


7^ 

23.50 

44.18 

56.26 

421.88 

2.739 

1.957 


3.r)J 

.994 

1.27 

1.42 

1.0(50 

LOiO 



24.35 

47.17 

(50.06 

4(55.48 

2.784 

1.979 

llG 

3.711 

1.107 

1.41 

1.07 

1,089 

1.059 


8 

25.13 

50.26 

(54 

512. 

2.828 

2. 


8.9;i 

1.S27 

1.5(5 

1.95 

1118 

1.077 


814 

25.92 

53.4(5 

68.0(5 

6(51.52 

2.872 

2.021 

ll"ft 

4.12 

1.353 

1.72 

2.2(5 

1.140 

1.095 


8Vi, 

2(5.70 

60 75 

72.15 

614.12 

2.915 

2.041 

m 

4.32 

1.485 

1.89 

2.(50 

1,173 

1.112 



27 49 

60.13 

7(5.50 

669,92 

2 958 

2.CC1 


4,52 

1.(523 

2.07 

2.97 

1.199 

1.129 


9 

28.27' 

(53.62 

81. 

■529. 

3. 

2.080 

m 

4.71 

1.7(57 

2.25 

3.38 

1.223 

1 145 


914 

29.1, (5 

(57.20 

8.>.50 

791.45 

3 041 

2.098 

lia 

4.91 

1.017 

2,44 

3.82 

1,250 

1.1151 


94 . jj 

29.85 

70.88 

90.25 

857.37 

8.082 

2.118 

1% 

n.ii 

2.074 

2.04 

4.29 

1 275 

1.176 


OM 

30.03 

74.66 

95.00 

926.86 

3.122 

2.136 

m 

5.31 

3.23(5 

2.85 

4.80 

1 299 

1.191 


10 

31.41 

■38.54 

100 

1000 

3.102 

2.164 

DM 

6.6U 

2.405 

3.U6 

5.3(5 

1,323 

1.205 


11 

34.65 

95.03 

121 

1331 

3.317 

2.224 


5.(51 

2.580 

3.29 

5,9.) 

1.34(5 

1.219 


12 

37.(59 

113.0 

144 

1728 

3.464 

2.289 

m 

6.89 

3.7(51 

3.52 

(5.59 

1.369 

1.233 


13 

40.84 

132.7 

1(59 

2197 

3.600 

2.351 

11 T; 

e;U9 

2.948 

3.75 

7.27 

1392 

1.247 


14 

43.98 

153 9 

19(5 

2744 

3.742 

2.410 

a 

(5.28 

3.142 

4. 

8. 

1.414 

1.2(50 


15 

47.12 

170 7 

225 

3375 

3.873 

2 40(5 

2,\ 

(5.48 

3 341 

4.23 

8.77 

1.436 

1.273 


16 

60.2(5 

2010 

250 

409(5 

4. 

2.620 

214 

(5.(58 

3 547 

4.72 

9.59 

1.458 

1.28(5 


17 

63.40 

220 9 

289 

4913 

4.1t33 

2.571 

(5.87 

3,758 

4.78 

10.47 

1 479 

1,298 


18 

60,64 

254.4 

324 

5832 

4 243 

2.021 


7.07 

3.976 

5,0(5 

11.39 

15 

1.310 


19 

69,69 

2b3.5 

361 

(5859 

4.359 

2.608 


7.2(5 

4.200 

5.35 

12.3(5 

1 521 

1.322 


20 

62.83 

314.1 

400 

8000 

4.472 

2.714 

m 

7.4(5 

4.430 

5.(54 

13.40 

1.541 

3.334 


21 

(55.97 

84(5.3 

441 

9201 

4.583 

2.759 


7.(5(5 

4.(5150 

5.94 

14.48 

l.r;6l 

1.34(5 


22 

69.11 

380.1 

484 

10048 

4.690 

2.802 


7.85 

4.909 

(5.25 

16.(53 

1.581 

1.358 


23 

7226 

415.4 

529 

12167 

4.796 

2 844 

214 

8.05 

5.157 

15.57 

16.83 

1 600 

1,3(59 


24 

76.39 

453.3 

670 

13H24 

4 899 

2.885 

2% 

8.25 

5.412 

(5.89 

18.08 

1.620 

1,380 


25 

78.64 

490.8 

G25 

16625 

5. 

2 92*1 

2]h 

8.44 

5.(573 

7.22 

19.41 

1.639 

1.391 


2(5 

81.68 

630.9 

(570 

1757(5 

5.099 

2.903 

m 

8.(54 

5.910 

7.5(5 

20.79 

1 658 

1.402 


27 

84.82 

672.6 

729 

19(583 

6.196 

3. 


8.84 

(5,213 

7.91 

22.23 

1.677 

1.4 12 


28 

87.96 

616.7 

784 

21952 

5.292 

3.037 

274 

9.03 

0.49J2 

8.27 

23.70 

1.695 

1.422 


29 

91.10 

6(50 6 

841 

24389 

5.385 

3.072 

oi n 

9.23 

(5.777 

8.G3 

25 34 

1.714 

1,43’4 


30 

94^ 

706,8 

900 

2T00U 

5.477 

3,107 

2 

9.42 

7.07 

9 

27. 

1.732 

1.442 


31 

97 69 

764.8 

9(51 

29791 

i 5.568 

3141 


9.82 

7.07 

0,77 

30,62 

1.7(58 

1,4(52 


32 

100.5 

804.2 

1024 

327(58 

6.(557 

3.175 

lu 

30.21 

8.;jo 

10 5(5 

34.32 

1.803 

1.482 


33 

103.7 

855.3 

: 1089 

85937 

6.746 

3.208 


10.(50 

8.95 

11.39 

38.44 

1.837 

1.5 


34 

106.8 

907.9 

3150 

39304 

5.831 

3.240 

?P 

11.00 

9.(53 

13.25 

42.88 

1.871 

1.618 


35 

110. 

962.1 

1226 

413876 

5 916 

3.271 


11.39 

10.32 

13.14 

47.63 

1.904 

1.635 


30 i 

113.1 1 

1017.9 

1296 1 

46656 

6. 

3.302 

m 

11.78 

11.05 

14,0(5 

62.73 

1.930 

1.553 


37 

116 3 

1075.2 

1369 

50653 

6.083 

3 832 

m 

12.17 

11.79 

16.02 

68.17 

1.968 

1.57(1 


38 

119.4 

1134.1 

1444 ' 

54872 

6 164 

3.362 

4 

12.67 

12.57 

1(5. 

(54. 

2. 

1.587 


39 ! 

122.6 

1194.6 

1621 

59319 

6.246 

3.391 

4^ 

13.35 

14.19 

18.00 

76.78 

2 001 

1.(519 


40 

125.7 

1256,6 

1(500 

64000 

(5.325 

3.420 

4J4 

14.14 

15.90 

3l).25 

91.13 

2.521 

1.661 


41 

128.8 

1320.3 

1681 

(58921 

6 403 

3.448 

m 

14.92 

17.72 

22.5(5 

107.16 

2.179 

1.(581 


42 

131.9 

1386.4 

1164 

74088 

6 481 

3.470 

5 

15.71 

19.63 

25. 

125. 

2.236 

1.710 


43 

135.1 

1452.2 

1849 

79507 

6.557 

3.503 

ru 

16.49 

21.(54 

27.50 

144.70 

2.291 

1.738 


44 

138,3 

1520.6 

1936 

85184 

6.633 

3.539 


17.28 

23,70 

30.25 

166.37 

2,345 

1.765 


45 

141.4 

1590 4 

2025 ' 

91125 

6.708 

3.567 


18.0(5 

25.97 

33 00 

190.11 

2.398 

1.792 


4(5 

144 5 

1661.9 

2116 ^ 

97330 

6.782 

3.683 

(> 

18.85 

28.29 

30 

216. 

2.449 

1.817 


47 

147.7 

1784.9 

2299 

103823 

6.866 

8.609 

m 

19.(51 

30.(58 

39.06 

244.14 

25 

1.832 


48 

150.8 

1809.6 ! 

2304 

110592 1 

6.928 

3.634 

(5j| 

30.42 

33.18 

42.26 

274.63 

2.550 

1.8(50 


49 

153.9 

1885.7 

2401 

117649 

7. 

3.069 

m 

21..21 

35,78 

45.56 

307.55 

2.599 

1.890 


60 

167.1 

1963.5 ! 

2500 

126000 

7.071 

3.684 

7 

31.99 

38,48 

49. 

343. 

2.(546 

1913 






i 




Note.— To iind the 4th power (or biquadrate) of a number, multiply the square by 
the square. 

To iind the 4th root, extract the square root twice in succession. 
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■WEIGHTS OP SQUARE AND ROUND BARS OF WROUGHT IRON IN POUNDS PER 
LINEAL FOOT.— KENT, 

Iron ^veighing 480 IBs per cubic foot. For steel add 2 per cent. 


Thickness 

Weight of 

Weight of : 

Thickness 

Weight of 

Weight of 

or 


Square Bar 

Bound Bar 

or 

Square Bar 

Hound Biir 

Diameter 

One Foot 

One Foot 

Diameter 

One Foot 

One Foot 

ill Inches. 

Long. 

Long. ' 

in Inches. 

Long. 

Long. 



.013 

.010 

Ws 

55.01 

43.21 

3^8 


.0)3 

.041 


56.72 

44,55 

jii 


.117 

.093 

4ib 

68.45 

45.91 



.308 

.164 

414 

60.21 

47.29 



.336 

.256 

4A 

61.99 

48.69 


.469 

.368 


63.80 

50.11 



.638 

.501 

4ib 

65.64 

51,55 

14 

.833 

.654 

4H 

4is 

67.50 

53.01 



1.055 

.838 

69.39 

54.50 


1.303 

1.033 

49'i 

71.30 

56.00 

li 


1.576 

1.237 

455 

73 34 

57.53 

|| 


1.875 

1.473 

ft 

75.31 

59.07 



3.301 

1.728 

77.20 

60.63 


3.553 

2.004 


79.23 

62.33 

j ri 
i 15 


3.930 

2.301 

41^ 

81,26 

63.83 

1 


3.333 

3.618 

5 

83.33 

65 45 

1 lb 


3.763 

3.955 

5 lb 

51^ 

85.43 

67,10 

lib 

4.319 

3.313 

87.55 

68,76 

4.701 

3.693 

5 lb 

89.70 

70.45 

J14 

5.308 

4.091 

5 >4 

91,88 

73.16 


6.743 

4.510 

6 lb 

94.08 

73.89 

m 

lib 

1 

6.303 

4.950 

5% 

96.30 

75.64 


G.888 

5.410 

Sib 

98.55 

77.40 

ill 


7,6tD 

6.890 

5J4 

100.8 

79.19 


8.138 

6.393 

5ib 

103.1 

81.00 



8.803 

6.913 

59 ^ 

106.5 

83.83 

lil 


9.493 

7.455 

51® 

• 107.8 

84.69 


10.21 

8.018 

P 

‘JlG 

110.3 

86.56 



lO.Oo 

8.601 

113 6 

88.45 

17^ 

11.72 

9.304 

5% 

5U’ 

115.1 

90 36 

liS 


13.51 

9.838 

117.5 

93.29 


13.33 

10.47 

6 

130 0 

94.25 


14.18 

11.14 

614 

135.1 

98.23 

5 ^ 

15.05 

11.83 


130.3 

103.3 

16.95 

13.63 

0^ 

135,5 

106.4 

.-VI 


16.88 

13.35 

6V4 

140.8 

110.6 

.-A] 

‘>A 


* 17.83 

14.00 

m 

m 

* 146.3 

114 9 


18 80 

14.77 

151.9 

119.3 

ou 


19.80 

15.55 

m 

157.6 

133.7 


30 83 

16.36 

7 

i 163.3 

138.3 

^✓*5 1 

0 1) ! 

31.89 

17.19 

714 

169.3 

133 9 

2^ 

i 

33.97 

18.04 

m 

175 3 

137.6 

gil 

1 

34.08 

18.91 

7$4 

181.3 

142.4 

^ 1 1 

2 ^, 

01 : 

i 

25.31 

19.80 

714 

187.6 

147.3 

1 

26.37 

20.71 

m 

193.8 

152.3 


f 

37.55 . 

31.64 

7M 

200.2 

157.3 

.-Jv 

2B 

Q 


28.76 

33.59 

m 

306 7 

103.4 

i 

30.00 

33 56 

8 

313.3 

167.6 

3,’| 

153 


31.36 

34.65 

814 

336,9 

178.3 

) 

33.55 

25.67 

814 

240.8 

189.3 

3 

33.87 

36.60 

814 

355.2 

300.4 

«ie 

35.21 

•27.65 

9 

270.0 

312.1 

075: 

1 

36.58 

28 73 

914 

285.2 

224.0 


s 

37 97 

29.82 

oil 

31 0.8 

336.3 

dn 

0 13 

5 

39*39 

30 94 

m 

316 9 

348.9 

T 

40 83 

32.07 

10 

333 3 

261.8 

2 

42 30 

33 23 

1014 

350.2 

375.1 

SB 

43.80 

34 40 

1014 

367.5 

388 6 


t 

45.33 

35 60 

lOM 

38L3 

302.6 


1 

46 88 

36.83 

11 

403.3 

316.8 


1 

48 ' 45 

38.05 

1114 

431.9. 

331.3 

p 

50,05 

51 68 

39.31 

40.59 

1114 

11% 

440 8 

460 3 

346.3 

361.4 

Oia 

4 

63.33 

41.89 

13 

480. 

377. 
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WEIGHT OF FLAT BAR IRON. 


TIllCKNIWS IN INtlllKS. 


'C a 

5 

1 

Hi 


I'j 

M 

r> 

Hi 



/fZ 



% 



lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

ibs. 

lbs. 

lbs. 



.11 

,21 

.81 

.42 

.72 

.08 

.78 

.84 





% 

.i;j 

,20 

.40 

.58 

.00 

.70 

.02 

1.00 

1.32 





.U5 

.02 

.47 

.08 

.70 

.05 

i.n 

1 20 

1.58 

1.89 



% 

.18 

M7 

.55 

.74 

.02 

1.11 

1.20 

1.48 

1.85 

2 22 

2.58 


1 

.lii. 

.4.2 

.08 

.84 

1,05 

1,20 

1.47 

1.08 

2.11 

2.53 

2.05 

3.37 

Jh 

.;H 

.47 

.71 

.05 

LIH 

1,42 

1.00 

1.00 

2.37 

2.84 

3.32 

3.79 

Vi 

.'Hi 

.50 

.79 

1.05 

1.82 

1.58 

1.84 

2.11 

2.03 

3.10 

3.0S 

4.21 

% 

.;«J 

.58 

.87 

1.10 

1.45 

1.74 

2.08 

2.82 

2.80 

3.47 

4.05 

4.08 

VS 

.:};3 

.08 

.05 

120 

1.58 

1.01) 

2.21 

2.58 

3.10 

3.70 

4.42 

5.05 

% 

.;m 

.08 

1.08 

1.87 

1.71 

2.05 

2.89 

2.74 

3.42 

4.11 

4.70 

5.47 


.iir 

,74 

l.ll 

1.47 

1.84 

2.21 

2.58 

2.05 

3.08 

4.42 

5.10 

5.89 

% 

,40 

.70 

1.18 

,1.5H 

1.07 

2.8 ( 

2,70 

8.10 

3.05 

4.74 

6.53 

0.32 

2 

.42 

,84 

1.20 

1.08 

2.11 

2.58 

2.05 

8.87 

4.21 

5 05 

5.80 

6.74 

V»5 

.45 

.00 

1.84 

1.70 

2.24 

2.08 

8.18 

8.68 

4.47 

5.37 

0.,20 

7.16 

H 

.47 1 

,05 

1.42 

LOO 

2.87 

2,84 

8.82 

8.70 

4.74 

5.08 

1 0.83 

7.58 

% 

.no ' 

1.00 

1.50 

2.00 

2.50 

8.00 

8.50 

4.{)() 

5.00 

0.00 

7.00 

8.00 

3-0 

M 

I.O) ! 

1.58 

2 11 

2,68 

8.10 

8.08 

i 4.21 

5.20 

0.32 

7.37 

8.42 


.55 

1.11 

1.0(3 

2 21 

2.(0 

8.82 

8 87 

1 4.42 

6 53 

0.03 

7.74 

8.84 

u 

.08 

1.10 

1.74- 

2.82 

2 80 

8.47 

4 (15 

4.08 

5.70 

6.05 

8.10 

9.26 

% 

Ml 

1.21 

1 K2 

2.42 

8.('8 

8 08 

4.24 

4.S4 

0.05 

7.26 

8.47 

9.68 

3 

Mil 

1.20 

1.00 

2.58 

8.10 

8.70 

4 42 

5 05 

0.82 

7.58 

8.84 

10,10 

H 

.(‘>8 

1.87 

2.05 

2.74 

8.42 

4 11 

4.70 

5. 17 

0.84 

8.21 

0.58 

10.95 


.74 

1.17 

2.21 

2 05 

8.08 

4,42 

5.10 

5,80 

7.87 

8.84 

10.32 

11.79 

H 

.70 

i.ns 

2.87 

8.10 

8.05 

4,74 

5.58 

0.82 

7.89 

0.47 

11.05 

12.08 

4 : 

.H-l 

1.08 

2.58 

8.87 

4.21 

5.05 

5.80 

0.71 

8:i2 

10.10 

11.70 

13.47 

U 

.00 

i.ro 

2.08 

8.58 

4.47 

5.87 

6.20 

7.10 

.8.05 

10.74 

1.2.53 

11.31 


.05 

LOO 

2.H4 

8 70 

4.74 

5.0B 

0 08 

7.58 

9.17 

11.38 

13.20 

15.16 

•>4 

1.01) 

2.00 

8.00 

4.00 

5.00 

0.00 

7.00 

8.00 

10.00 

12.00 

1 1.00 

10.00 

r, 

1.05 

2.11 

8.10 

4.21 

5.20 

0.82 

7.87 

8.42 

10,58 

12.63 

14.74 

10.84 


1 11 

2.21 

8.82 

4,42 

5,58 

0,08 

7.74 

8,84 

11.05 

13.26 

15.47 

17.68 


1.1(1 

2.82 

8.47 

4.08 

5.70 

0.05 

8.10 

0.20 

11.58 

13.80 

10.21 

18.62 


1.21 

2.42 

8.08 

4 81 

0.05 

7,20 

8.47 

0.08 

12.10 

11.53 

10.95 

10.37 

6 

1.20 

2.58 

8.70 

5,05 

(5.82 

7,58 

8.84 

10,10 

12.08 

15.16 

17.68 

20.21 


PLATE IRON. 

'WliianT OK BUPERFIGIAO FOOT, 


Tliickness in incJicH, 

Wei«-ht, lbs. | 

Thii'.kiKiss in iin*lins. 

1 Weight, lbs. 

.b == .0812.5 

1.25 

{\i ^ .3125 ' 

12,58 

L',1 ~ ,0025 

2.510 

.375 

I.LIO 

'n'ij - .0087 

3. 788 

.4375 

17.05 

m == .125 

5.0.U 

34= .5 

20.20 

£ - .1562 

6.305 

A .0625 

22.76 

= .1875 

7.578 

.(J2) 

2.5.16 

t = .‘2187 

8.10 

•14 = .75 

30.20 

M = .25 

10 00 

%= .875 

35.30 

ri‘3 = .2812 

11.88 

1 = 1. 

40.40 


TAIJLES AND USEFUL DATA. 


533 


SrrOIKIO GRAVITY AND WEIGHT OF VARIOUS METAUS. 


METAL. 

Specific 

Gravity. 

Weight of a 
Cubic Inch 
in Lbs. 

Weight of a 
Cubic Foot 
in Lts. 

Aluminum, cast 

2.560 

.0926 

ion. 

wrought 

2.670 

.0906 

1,50.5 

Antimony 

0.712 

.2428 

419.5 

Brass, Shoot, Copper 75, 55iuc 25 

8.4.^, 0 

.3056 

528. 

“ Yellow, Cupper 60, Zino 54 

8.300 

.2997 

517.9 

“ Plato 

8.380' 

.3026 

522.9 

“ Cast 

8.100 

.2930 

,500.3 

“ Wire 

8.214 

.2972 

513.5 

Bronze, Gun Metal 

8.750 

.3165 

540.9 

“ Copper yi. Tin 10 

8.,S32 

.3194 

551 9 

Copper 81, Tin Jl) 

8.700 

.2929 

500.1 

Phosphor— Bearing Meta 

9.2M 

.3382 

575.8 

Copper, cast 

8.788 

.3179 

547.2 

plates 

8.608 

.3146 

643.7 

‘‘ wire and holts 

8,8h0 i 

.3212 

5.55.1 

Gold, jnire, cast 

10.258 

.0965 

1204. 

hammered 

10.36 1 

.7003 

1210. 

“ 22 carats line. 

17.480 

.6325 

1093. 

“ 20 (taruts line 

15.700 

.5682 

981.8 

Iridium, hainmtn’ed 

23.000 

.8319 

1437. 

Iron, east, gun metal 

7.308 

.264 

4.50.2 

‘ ordinary, mean 

7.207 

.2607 

450.4 

“ wrought bars 

7.78.S 

.2817 

480.8 

“ wrought wire 

7,774 

.2811 

485.8 

wrought rolled idutcB 

7.704 

.2787 

481.0 

lA'ad, ea,Ht. 

31.352 

.4106 

709.5 

rolled .. ; 

11.388 

.4119 

711.7 

Mercury-. 10 deg 

1,5.632 

.5661 

978,2 

“ +52 deg,... 

13.,508 

.4918 

849.8 

+60 deg 

13.560 

.4908 

8-1 8. 1 


13.370 

.4836 

835.7 

Nickel. ... ! 

8 800 

,3183 

550. 

“ cast 

8.279 

.2994 

517.4 

Platinum, hammered, 

20,337 

.7356 

1271. 

“ iiativ(.^ 

16.000 

.5787 

999,9 

''* rolled 

22.069 

.7982 

13.9, 

Ucd Lead 

8.940 

.324 

559.9 

Bilviir, pure, cast 

10.474 

.8788 

654.0 

“• hammered 

10.511 

.3802 

057. 

Steel, terapen’od and hardened 

7.818 

.2828 

488.7 

“ plates 

7.800 

.2823 

487.7 

“■ cnieiblo,., 

7.812 

.2830 

490.1 

“ Besfiemer 

7.852 _ . 

.284 

490.7 

Tin, Cornish, hammered 

7.890 

.2073 

401.9 

“ pure . , 

7.291 

.2037 

4,55.7 

Zinc, cast 

0,861 

.2182 

428.8 

“• rolled 

7.191 

.26 

449.4 


WEIGHT OF VAUXOtTH BURaTANCErt.—RTOlI AllDB. 


KauKJ of Hubstanco. 

Weight of 

1 Cubic Foot 
in Lbs. 

Name (M Substance. 

WTOght of 

1 Oubio Foot 
in Lbs. 

Brickwork 

Clay 

100 to 120 

1 120 to 131) 

80 to 82 

45 to 62 

70 to 90 

1(X) to 120 

100 to 105 

135 to 150 

02.3 to 02.5 

03 to 05 

60 to 00 

Oils, various 

Acid, Sulphuric 

Oak Wood 

54 to 57 

114 to 110 

42 to 53 

27 to 30 

35 to 45 
.08 to .080 
.05 to .055 

5 2 to 6.5 
.08.5 to ,036 
.122 to .123 

Coke 

Earth, Loose 

Earth, Hammed 

G ronltO- - 

pine, White 

Pino, Yellow 

Air 

Steam 

f^nndstono 

Snow 

Water, Fresh 

^Vater, salt 

Alcohol 

Coal Gas . 

Carbonic Acid 
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■WBIQHT OF CASTINGS FBOM PATTERNS. 
Simpson Bolland. 


Will Weigh when Cast in 


A Pattern 


Weighing One Pound, 
Made of— 

Cast Iron. 

Zinc. 

Copper. 

Yellow 

Brass. 

Gun 

Metal. 


Lbs. 

Lbs. 

Lbs. i 

Lbs. 

Lbs. 

Mahogany— N assau 

10.7 

10.4 

' 12.8 

12.2 

12.5 

Honduras.. . . 

12.9 

12.7 

15.3 

14.6 

15. 

Spanish 

8.5 

. 8.2 

10.1 

9.7 

9.9 

Pine -Red 

12.5 

12.1 

14.9 

14.2 

14.6 

“ White 

16.7 

16.1 

19.8 

19. 

19.5 

“ Yellow 

14.1 

13.0 

16.7 

16. 

16.5 

Oak 

9. 

8.6 

10.4 

10,1 

10.9 


UNITS OF HEAT IN ONE POUND OF FUELS. 


Anthracite 14,50(i 

Bituminous 14,000 

Petroleum, light 22,000 

Petroleum, heavy 19,440 


Petroleum, reflned 19,260 

Petroleum, crude 19,210 

Coal Gas 20,200 

Water Gas 8,500 


TABLE OF RELATIVE VALUE OP NON-CONDUOTORS. 
Chas. E. Emery. 


N on-Cond actor. 

Value. 

Non-Conductor. 

Value. 

Wood Felt 

Mineral Wool No.2 

Mineral W ool with Tar. 

Sawdust 

1.000 

.832 

.715 

.680 

;6T6 

.632 

.553 

Loam, dry and open 

Slaked Lime 

Gas House Carbon 

Asbestos 

.650 

.480 

.470 

.363 

.345 

.277 

.136 

Mineral Wool No. 1 

Charcoal .... 

Coal Ashes 

Coke in lumps 

Pine Wood, across fiber 

Airspace undivided 


PROPERTIES OF METALS.— Richards. 


Names of materials. 

Weight in 
lbs. of a 
cubic foot. 

Weight in 
lbs. of a 
cubic inch. 

Relative 
Weight. 
Water, 1,000 

Tensile 
strength 
lbs. per in. 
section. 

Melting 
point in 
degrees 
Fahrenheit. 

Wrought iron, avge. 

485.0 

.277 

7,700 

66,000 

3.000 

Cast iron, “ 

450.0 

.260 

7,200 

16,000 

2,300 

Cast steel, “ 

487.0 

.280 

7,800 

100,000 

2,500 

Bessemer steel, “ 

480.0 

.280 

7,852 

90,000 

2,600 

Copper, “ 

547.0 

.316 

8,780 

33,000 

2,oro 

Brass, “ 

500.0 

.281 

'8,100 

20,000 

1,800 

Tin, 

455.0 

.210 

7,290 

6,000 

446 

Lead, 

709.0 

.410 

11,352 

2,000 

600 

Silver, “ 

653.0 

.378 

10,474 

30,000 

1,800 
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TAHLK OP EMERY WTIREL SPEEDS. 


Diain. Wliee\ 

Rev. per Minute 
for 

Surface Speed 
of 4,000 Feet. 

Rev. per Minute 
for 

Surface Speed 
of 5,000 Feet. 

Rev. per Minute 
for 

Surface Speed 
of 0,000 Feet. 

1 inch. 

1\3T9 

19,099 

22,918 

ij kk 

7,039 

9,549 

11,4.59 . 

a “ 

5,093 

0,300 

7,030 

4 “ 

3,8-30 

4,775 

. 6,730 

5 “ 

3,066 

3,820 

4,584 

6 “ 

2, .540 

3,183 

3,820 

7 “ 

2,183 

.2,728 

3,274 

8 “ 

3,910 

2,387 

2,805 

10 “ 

1,528 

1,910 

2,292 

1.‘3 “ 

3,273 

1,592 

1,910 

14 “ 

1,091 

1,304 

1,637 

1(1 ‘‘ 

955 

J.194 

1,432 

18 “ 

849 

l,(mi 

1,273 

^^0 

704 

955 

1,146 

2^ “ 

694 

80S 

1,042 

24 “ 

ear 

790 

955 

20 “ 

586 

733 

879 

28 “ 

546 

083 

819 

ao “ 

509 * 

037 

764 

a2 “ 

477 

596 

716 

84 ‘‘ 

449 

501 

674 

3t5 “ 

424 

531 

037 

88 “ 

402 

503 

(503 

40 “ 

882 

478 

573 

42 “ 

364 

455 

546 

44 “ 

847 ■ 

434 

621 

40 “ 

332 

4 15 

498 

48 “ 

318 

397 

477 

oO “ 

300 

383 

459 

62 “ 

294 

309 

.441 

54 “ 

283 

354 

425 

66 “ 

273 

341 

410 

58 

204 

330 

396 

00 “ 

255 

319 

383 


TUB SPEED OP DRILLS. 
Cleveland Twist Drill Co. 


Diain, 

of 

Drill. 

Speed 
for Soft 
Steel. 

Speed 

for 

Iron. 

Speed 

for 

Brass. 


Diam. 

of 

Drill. 

Speed 
for Soft 
Steel. 

Speed 

for 

Iron. 

Speed 

for 

Brass. 


1,824 

2,128 

3,048 


lA 

108 

125 

216 


912 

1,004 

1,824 



H-2 

118 

203 

fa 

008 

710 

1.210 


ii% 

96 

112 

193 

k 

450 

633 

912 


V4 

91 

106 

182 

fa 

365 

425 

730 


Ifa 

87 

101 

174 

% 

304 

355 

008 


m 

83 

97 

165 

* ■ 

260 

304 

620 


1-A 

80 

,93 

159 

H 

228 

206 

450 


1/2 

70 

89 

162 

fa 

203 

230 

405 


1-A 

73 

85 

145 

% 

182 

213 

365 


m 

70 

82 

140 

M 

1 66 

194 

332 


m 

68 

79 

135 

544 

153 

177 

304 


1544 

05 

76 

130 

iE 

140 

164 

280 


lie 

03 

73 

125 


130 

162 

260 


m 

60 

71 

122 

H 

122 

142 

243 


lie 

59 

• 69 

118 

1 

114 

133 

228 


2 

57 

67 

114 
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TABLE OP SIZES OP TAP DRILLS. 


Tap Diameter. 

Threads per Inch. 

Drill for Y Thread. 

Drill for 

D. S. Standard. 

34 


10 

18 

20 1 

32 


hi 


32 

10 

18 

20 1 

’TO 

hi 

hi 

34 

ri 

xa 


16 

18 


32 

hi 


u 

10 

18 


H 

hi 





14 

16 

18 

H 

3‘2 

32„ 



14 

16 

18 





I'eS 


14 

16 

j 


32 

U 


u 

14 

16 


u 

al 



H 


12 

13 

14 

% 

II 

32 

IG 

12 

14 


fe 

29 

Hi 

1C 

% 


10 

11 

12 

u 



3^ 


1 1 

10 

11 

12 


re 

10 



H 


10 

11 

12 

19 

% 

% 

% 

iS 

10 



32 




Vb 


9 

10 


"A 

u 


23 

32 


TC 

9 



n 




1 

8 



13 

10 



27 

32 


TAP DRILL SIZES. 

Por Gas Taps. 


Diameter of Tap or 
Size of Pipe. 

Diameter of Drill. 

Diameter of Tap or 
Size of Pipe. 

Diameter of Drill. 

14 inch 

si inch 

1J4 inch 

1J§ inch 

34 “ 


134 

I3.2 ““ 

% - 

J" “ 

2. “ 


^ ‘‘ 

M “ 

234 :: 


H “ 

IS 

3 a 

3 

3{g 

1 “ 

Ifo “ 

334 “ 

31(1 


MACHINE SCREW TABLE. 


Screw Gaug'e 
Size. 

Diameter in 
Decimals. 

Approximate 

Diameter. 

No. Threads 
per Inch, 

Size of 

Tap Drill. 

2 

.0812 

ii 

56 

49 

3 

.i)973 

3 % 

48 

45 

4 

.1105 

. B'-t 

36 

42 

5 

.1230 

34 

86 

38 

0 

.1368 

B4 

32 

35 

T 

.1500 

sir 

32 

30 

8 

.1631 


32 

29 

9 

.1763 

hi 

30 

27 

10 

.1894 

TC 

24 

25 

11 

.2026 

13 

C-I 

24 

21 

12 

.2158 


24 

17 

13 

.2289 

hi 

22 

15 

14 

.2421 

hi 

20. 

13 

15 

.2552 


20 

8 

16 

.2684 

hi 

18 

6 

IT 

.2816 

3^3 

18 

2 

18 

.2947 

hi 

18 

1 

19 

.3079 


18 

C 

20 

.3210 

ii 

16 

D 

22 

.3474 

hh 

16 

J 

24 

.3737 

H 

16 

N 

20 

.4000 

y 

16 

P 

28 

.4263 

27 

Sf 

14 

n 

30 

.4520 

If 

14 

jj 
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TRANSMISSION OP POWER BY LEATHER BELTING. 
Singie Leather. 


Belt Speed'. 

600 

1200 

1800 

2401 

3000 

3600 

4200 

4800 

5400 

6000 

Width of Belt. 

1 

H P ! 

H P 

H P 

H P 

H P 

H P 

H P 

HP 

H P 

1 

H P 

1 in 

1 

2 

3 

4 

5 

6 

7 

1 8 

9 

1 

10 

2 ill 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

3 in 

3 

6 

9 

12 

15 

18 

21 

i 24 

27 

30 

4 in . 

4 

8 

12 

16 

20 

24 

28 

32 

36 

40 

5 in 

5 

10 

15 

20 

25 

30 

35 

40 

45 

60 

6 in 

6 

12 

18 

24 

3t) 

36 

1 42 

48 

54 

60 

8 in 

8 

16 

24 

32 

40 

48 

I 56 

64 

i 72 

80 

9 in 

9 

18 1 

27 

36 

45 

64 

! 63 

72 

81 

90 

10 in 

10 

20 

30 

40 

50 

60 

: 70 

80 

90 

100 

12 in 

32 

24 

36 

48 

60 

72 

84 

96 

108 

120 

14 in 

14 

28 

42 

56 

70 

84 

; 98 

112 

126 

140 

16 in 

16 

32 1 

48 

64 

1 80 

96 

112 

I 

128 

144 

160 


Double Leather. 


Belt Speed. 

4G0 ' 

8Q0 

1200 

1600 

2C00 

24C0 

2800 

3200 

36C0 

.4000 

5000 

Width of Belt. 

HP 

H P 

H P 

H P 

H P 

H P 

H P 

HP 

! 

H P 

H P 

H P 

4 in 

^ 1 

4 ! 

8 

12 

16 

20 

24 

28 

32 

36 

40 

50 

6 in 

6 

12 

18 

24 ! 

30 

36 

42 

48 

54 

60 

75 

8 in 

8 

16 

24 

32 

40 

48 

66 

64 

72 

80 

100 

10 in 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

125 

12 in 

12 

24 ' 

36 

48 

60 

72 

84 

96 

108 

120 

150 

16 in 

16 

32 

48 

64 

80 

96 

112 

128 

144 

i 160 

200 

20 in 

20 

40 1 

60 

80 

100 

120 

140 

160 

180 

200 

250 

24 in 

24 

48 

72 

96 

120 

144 

168 

192 

216 

240 

300 

3 ) in 

30 

60 

90 

120 

150 

180 

210 

240 

270 

300 

330 

36 in 

86 

i 72 

108 

144 

180 

216 

252 • 

288 

i 334 

370 

450 

40 n 

40 

; 80 

120 

160 

200 

240 

280 

320 

360 

400 

600 


ROPE DRIYING. 

TABLE OP THE HORSE POWER OP TRANSMISSION ROPE BY O. W. HUNT. 

The working strain is 800 lbs. for a 2-inch diameter rope and is the same at all 
speeds, due allowance having been made for loss by centrifugal force. 


Diameter 

Hope. 

Speed of the Hope in Feet per Minute. 

. Smallest 
Diameter 
Pulleys. 

L'OO 

2000 

2500 

3000 

3500 

4000 

4500 

5000 

6000 

7000 

Min 

% Hi 1 

1 in 

m in ' 

in 

IM in 

2 in 

3.3 

4,5 

5 8 
9.2 
13 1 
18 0 
23.1 

4.3 
5.9 
7,7 
12.1 
17.4 
23 7 
80 8 

6 2 
7.0 

9 2 
14.3 

20.7 
28.2 

36.8 

5.8 

8.2 

10.7 
16 8 
23.1 
32 8 

42.8 ' 

,6.7 

9 1 
11 9 
18 6 
26.8 
36 4 
47.6 ' 

7.2 

9 8 
12 8 
20.0 
28.8 
39 2 
51.2 

7.7 

10.8 

13.6 
21 2 

30.6 
41.5 
64 4 

7.7 

10.8 

13.7 
31.4 

30.8 

41.8 

54.8 

7.1 
9.3 
12 5 
19.5 
28.2 
37.4 
5ii 0 

4.9 

6.9 
8.8 

13.8 
1'' 8 
27.'"’ 
35.3 

30 in. 

36 in. 

42 in. 

54 in. 

60 ill. 

72 in. 

84 in. 



MODERN -MACHINE SHOP TOOLS. 




TfiANSJVIITTING I rWOlBNCY OF TURNED IRON SHAFTING AT DIFFERENT SPEEDS, 
As Prime Mover or Head Shaft carrying- Main Driving’ Pulley 
or Gear, well supported by bearings. 


Diameter 


Number of Revolutions ])or Minute. 


of Shaft. 

tiO 

80 

ICO 

125 

150 

,175 

8 

225 

250 

275 

300 


H P 

H P 

H P 

11 P 

H P 

i-r p 

H P 

H P 

H P 

H P 

H P 

m in 

2M 

3 4 

4.3 

5.4 

0.4 

7 5 

8.6 

9 r 

10.7 

11.8 

13.9 


3.8 

5 1 

0.4 

8 

0.6 

11 2 

12 8 

14.4 

16 

17.6 

19.2 

2H in..,. 

0.4 

7.3 

8.1 

10 

13 

14 

16 

18 

20 

03 

24 

2^2 in.. 

7.5 

10 

13.5 

15 

18 

23 

25 

y8 

31 

34 

37 

S'M in 

10 

13 

10 

20 

34 

28 

33 

36 

.40 

44 

48 

2 in 

13 

17 

20 

25 

3U 

35 

40 

45 

50 

55 

60' 

til 

1() 

23 i 

27 

34 

•10 

47 

54 

61 

67 i 

74 

81 

in. 

30 

2r 

34 

43 

51 

59 

68 

76 

85 i 

93 

103- 

ill 

25 

33 

42 

53 

63 

73 

84 

94 

10.) ■. i 

115 

126 

4 ill 

30 

41 1 

51 

64 ^ 

76 

89 

102 

115 

127 i 

140 

153 

4J4 in 

‘13 

fi8 

72 

9U 

108 

126 

144 

162 

180 

198 

216 

5 in. 

UU 

80 j 

100 

125 1 

150 

175 

200 

325 

250 

375 

300 


TRANSMITTING EFFICIENCY OF TURNED IRON SHAFTING AT DIFFERENT SPEEDS, 
As Second overs or Line Shafting. Bearings 8 Peet Apai’t. 


Number of Xte volutions per Minute. 


Diame-ter of Shaft. 

100 

135 

150 

175 

200 

325 

250 

275 

.300 

325 

350 

liu’hes. 

H. P. 

M. P. 

M. P 

H. F. 

H, P. 

H, P. 

H. P. 

HP, 

H. P. 

H. P. 

H. P. 

Hit 

6 

7.4 

8.9 

10.4 

11.9 

13.4 

14.9 

16.4 

17.9 

19.4 

i^O.Q 

iVs 

7.3 

9.1 

10 9 

13.7 

14 5 

16.3 

18.2 

20 

21.8 

23.6 

25.4 


8.9 

11 1 

13 3 

15.5 

17.7 

20 

22-2 

24.4 

26.6 

28.8 

31 


10.6 

13 2 

15.9 

18 6 

2 1.2 

23.8 

20.6 

29.1 

31.8 

34.4 

37 

214 

12.6 

15.8 

19 

22 

25 

28 

31 

35 

38 

41 

44 

m 

15 

18 

22 

26 

29 

33 

37 

41 

44 1 

48 1 

63 


17 

21 

26 

30 

34 

39 

43 

47 

52 

56 

! 60 


23 

29 

34 

40 

46 i 

52 

58 

64 

69 

75 

81 

3 

30 

37 

45 

i 52 

60 

67 

76 

83 

90 

97 

105 

3J4 

38 

47 

57 

60 

76 

85 

95 

104 

114 

123 

<33 

m 

1 47 

59 

71 

S3 

1 95 

107 

119 

131 

143 

155 

!167 

58 

73 

88 

103 

117 

133 

146 

102 

176 

190 

'295 

4 

1 71 

89 

107 

125 

142 

160 

|17S 

:96 • 

213 

231 

1249 


TRANSMITTING EFFICIENCY OF TURNED IRON SHAFTING AT DIFFERENT SPEEDS. 
Por Simply Transmitting Power. 


Number of He volutions per Minute. 


Diiuneter of Shul'l. 

100 

125 

150 

175 

.200 

233 

267 

31X1 

333 

367 

4(X) 

Inehes. 

H. P. 

H. P. 

H. P. 

IT. P. 

H. P. 

H. P. 

H. P. 

H. P. 

H. P. 

H. P. 

H. P, 

m 

6.7 

8.4 

in.i 

11.8 

13.5 

15.7 

17.9 

20.3 

22.5 

24.8 

27 

m 

8.6 

10.7 

13.8 

15 

17.1 

20 

22.8 

25.8 

28.6 

31.5 

34 3 

m 

10.7 

13.4 

16 

18.7 

21.5 

25 

2S 

32 

36 

39 

43 

m 

13.3 

16.5 

19.7 

23 

26.4 

31 

35 

39 

44 

48 

.52 

2 

16 

20 

24 

28 

32 

37 

42 

48 

53 

58 

64 


19 

24 

29 

33 

.38 

44 

51 

57 

63 

70 

76 

2 H 

23 

28 

34 

39 

45 

.53 

60 

68 

75 

83 

90 

294 

37 

33 

40 

47 

1 53 

63 

70 

79 

88 

96 

105 

2 JA 

31 

39 

47 

54 

6,2 

73 

83 

93 

104 

114 

12.5 


41 

52 

'62 

73 

83 

97 

ill 

125 

139 

(53 

167 

3 

54 

07 

81 

94 

108 

136 

144 

162 

180 

198 

216 

m 

68 

8() 

103 

120 

137 

160 

182 

205 

828 

250 

373 

. 

85 

107 

128 

15!) 

171 

,200 

223 

I 

285 

313 

342 





Commercial Horse Po-vver. 
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MODERN MAGPIINE SPIOP TOOLS. 


CAPACITY OP ROUND TANKS AND CYLINDERS IN CUBIC FEET AND IN U. S. GALLONS. 


Of 231 c"’**r: 
the cylinc . 
(Quantity - : ' ^ 
cubic feel 
cubic feel. 


(FROM TRADTTPINE.) 

__ ^ cubic foof ) ; aud for one foot of length of 

■ i ■. • ' ■ ■ -.ter diameter than any in the table take the 

; ■ " ■ and multiply it by 4. Thus, the number of 

: Inches in diameter is equal to 8.728x4=34.912 

: ■ .s. 


Diameter in inches. 

Diameter in decimals 
of a foot. 

For 1 foot 
in length. 

Diameter in inches. 

Diameter in decimals 
of a. foot. 

For 1 foot 
in lencrth. 

Diameter in inches. 

Diameter in decimals 
of a l oot. 

For 1 foot 
in lengi h. 

Cubic ft., also 
area in sq. ft. 

S3 . 

v. 23 

S d 

O 

1 

o .. ; 

+s ^ 

p ^ 

i| 

oS 

Gallons of 231 
cubic ins. 

ro* 

4i CQ 

“Sa 

6rt 

Gallons of 231 
cubic ins. 


.0208 

.0003 

.002(5 

m i 

.5625 

.2485 1 

1.859 

19 

1 1.583 

1.969 1 

14.73 

"IS 

.0200 

.0005 

.0040 

7 

.5833 

.2673 

1.999 

19^ 

L6.‘^ 

2.074 

15.52 

•Is 

.0313 

.0008 

.(Ki57 ■ 

714 ! 

.6042 

.2868 

2.144 

m 

' 1.666 

2.182 

1(5.32 

-A 

.030.5 

.0010 

.0078 

7i^ 1 

.(5250 

.3068 

2.29,5 


1.708 

2.292 

17.15 


.0417 

.0014 

.0102 

7% 

.6458 

.3275 

2.450 

21 

1.750 

2.405 

17.99 


.0469 

.0017 

.0129 

8 

.6607 

.;3490 i 

2.611 


1.792 

2.521 

' 18.8(5 


.0521 

.0021 

.0159 

^14 

.6875 

.3713 i 

2,777 

22 

1.833 

2.()40 

! 19.75 

TO 

.0573 

.0026 

.0193 


.70<3 

.3940 ! 

2.948 

22A 

1.875 

2.76 ( 

1 20.65 


.0625 

.0(HJ1 

.0230 


.7292 

.4175 1 

3.125 

23 

1.917 

2.8.Sr) 

21. ,58 


.0077 

.0036 

.0270 

9 

.75(H) 

.4418 , 

3.305 

211^ 

1.958 

3.012 

! 22.53 

% 

.0729 

.0042 

.0312 

9M 

.7708 

.4668 

3.492 

24 

2.(K)0 

: 3.142 

1 23.50 


.0781 

.UWS 

.0359 


.7917 

.4923 

3.6S2 

25 

2.083 

3.409 

: 2J).50 

1 

.0833 

.0055 

.0408 

954 

.812,5 

.5185 , 

3.879 

26 

2.166 

3.687 

27.58 

IM 

.1042 

.0085 

.0638 

10 

.8333 

.5455 

4.081 

27 

2.250 

3.976 

29.74 

VA 

.0250 

.0123 

.()'d8 

1014 

.85’ 2 

.,5730 

4.286- 

28 

2.333 

4.276 

31.99 

m 

.1458 

.0168 

.1250 

lOlA 

.8750 

.0013 

4.498 

29 

2.416 

4.587 

34.31 

2 

.1667 

.0218 

.1632 

10>4 

.8958 

.6303 

4.714 

30 

2..5(X> 

4.909 

556.72 

214 

.1875 

.027(5 

.2066 

11 

.9167 

.6600 1 

4.937 

31 

2.,583 

5.241 

39.21 

2A 

.2083 

.0341 

.2550 

llVf 

.9375 

.6903 1 

5.1(>3 

32 

2.666 

5.585 

41.78 . 

2¥i 

.2292 i 

.0413 

.3085 

113-i 

.9583 

.7213 , 

5.395 

33 

2.7.50 

5.040 

44.43 

3 

.2500 

.0491 

.3673 

1144 

.9792 

.7530 

5.633 

34 

2.833 

6,305 

47.17 

314 

2708 

.0576 

.4310 

12 

1 feet 

.7854 

5.876 

35 

2.916 

6.681 

49.98 


.2917 

.06»i8 

.4998 

V?M 

1.042 

.8523 

6.375 

36 

3.(K)0 

7.0(59 

53.88 

m 

.3125 

.07(57 

,5738 

13 

1.083 

.9218 

6.895 

37 

3.083 

7.468 

,55.8(5 

4 

.mi 

.0873 

.(i528 

13i^i 

1.125 

.9040 

7.435 

38 

3.166 

7.87(5 

,58.92 

4H 

.3;542 

.0985 

1 .7370 

14 

1,167 

1.069 

7.997 

S9 

3.250 

8.296 

62.06 

4li 

.3750 

.1105 

.8263 

14K> 

1.208 

1.147 

8.578 

40 

3.333 

8.728 

6,5.29 

m 

:3958 

.1231 

.9205 

15 

1.250 

1.227 

9.180 

41 

3.416 

9.1(58 

68., 58 

5 

,4167 

.1364 

1.020 

1534 

1.292 

1.310 

9.801 

42 

3.500 

9.620 

71.96 

614 

.4375 

.1503 

1.124 

16 

1.333 

1.396 

10.44 

43 

3.583 

10.084 

75.43 

6^ 

.4583 

.1650 

1.234 

1634 

1.375 

1.485 

ll.U J 

44 

3.666 

10.560 

79.(X) 

5*M 

.4792 

.1803 

1.349 

17 i 

1.417 

1.576 

11.79 I 

45 

3.750 

11.044 j 

82.(52 

6 

..oOOO 

.1963 

1.469 

1734 i 

1.458 

1.670 

12.50 1 

46 

3.833 

11.540 

86.32 

(H 

.5208 

.2130 

1.594 

18 1 

l.oOO 

1.767 

13.22 ( 

47 

3.916 

12.048 

90.12 


.5417 

.2305 

1.724 

1834 

1,542 

1.807 

13.97 

48 

4.000 

12.56(5 

94.02 


CAPACITIES OP RECTANGULAR TANKS IN UNITED STATES GALLONS, FOR EACU 
FOOT IN DEPTH. 


& ^ 

Ft. In. 

Feet 

2 

Ft. In. 

2 0 

Feet 

3 

Ft. In. 

3 6 

Feet 

4 

Ft. In. 

4 G 

Feet. 

5 

Ft. In. 

5 6 

Feet. 

6 

Ft. In. 

6 6 

Feet. 

7 

2 - 

29.92 

37.40 

44.88 

52.36 

59 84 

(57.32 

74.81 

82.29 

89.77 

97.25, 

1(J4.T3 

2 6 


46.75 

58.10 

65.45 

74 80 

84.16 

93.51 

102.86 

112.21 

121.56 

130.91 

3 - 



67.32 

78.54 

89.77 

•100.99 

112.21 

123.43 

134.65 

145.87 

1,57.09 

3 6 




91.64 

104.73 

117.82 

• 130.91 

144.00 

157.09 

170.18 

183.27 

4 — 





119 69 

134.65 

149.61 

164.57 

179.53 

194.49 

209.45 

4 6 






151.48 

168.31 

185.14 

201.97 

218.80 

235.«3 

5 - 







187.01 

205.71 

224.41 

243.11 , 

261.82 

5 6 








2ti6.28 

24(5.8(5 

2(57.43 

2S8.(K) 

6 — 









269.30 

291.74 

314.18 

6 G 



.... 







316.05 

340.36 
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METRIC CONVERSION TABLE. 

Arranged by C. W. Hunt, New York. 


Millimeters X .03937 = inches. 

Millimeters -f- 5i5.4 = indies. 

Centimeters X .3937 = inches. 
Centimeters -i- 3.54 = inches. 

Meters X39.37 = inches. (Act Congress.) 
Meters X 3.381 = feet. 

Meters X 1.094 = yards. 

Kilometers X .621 = miles. 

Kilometers -i- 1.6093 = miles. 

Kilometers X 3280.7 = feet. 

Square Millimeters X .015) = gq. inches, 
Square Millimeters -5- 645.1 = sq. inches. 
Squai’C Centimeters X .155 = sq. inches. 
Square Centimeters 6.451 = sq. inches, 
square Meters X 10.764 = sq. feet. 

Square Kilometers X 347.1 ^ acres. 
Hectare X 2.471 = acres. 

Cubic Centimeters “1-10.383 = cubic inches. 
Cubic Centimeters -i- 3.69 = li. drachms- 
(CJ. S. P.) 

Cubic Centimeters 39., 57 = fi.oz. (IJ.S.P.) 
Cubic Meters X 35.315 = cubic feet. 

Cubic Meters X 1.308 = cubic yards. 

Cubic Meters X 264.3= gallons (231 cu. in.) 
Liters X 61.033 = cubic in. (Act Congress ) 
Liters X 33 84 = Iluid ounces (U. S. Phar.) 
Liters X .2642 = gallons (331 cu. in.) 

Jjiters H- 3.78 = gallons (231 cu. in.) 

Lifers 28.316 = cubic feet. 

Hectoliters x 3.531 = cubic feet. 


Hectoliters X 3 84 = bushels (2150.42 eu.in. 
Heetolite.s X .131 = cubic yards. 
Hectoliters -i- 26 43 = gallons (331 cu. in ) 
Grammes x 15.432 = grains.(Act Congress.) 
Grammes -f- 981 = dynes. 

Grammes (water) -s- 39.57 = fluid ounces. 
Grammes -5-28.35 = ounces avoirdupois. 
Grammes per cu. cent, 27.7 = lbs. xjer 
cu. in. 

Jrmle X . 7373 = foot pounds. 
Kilogrammes X 3.2046 = pounds. 
Kiiogcammes X 35.3 = ounces avoirdu- 
pois. 

Kilogrammes -s- 1103 3 = tons (3,000 lbs.) 
Kilogrammes per fcq. cent, x 14,2^3 = lbs. 
per sq. in. 

Kilogram-meters X 7.233 = foot lbs. 

Kilo per Meter X .673 = lbs. per foot. 

Kilo per Cu. Meter x .063 = lbs. per cu.ft. 
Kilo per Cheval x 3.335 = lbs. pe. H. P. 
Kilo- Watts X 1.34 = Horsepower. 

Watts 746. = Horse Poiver. 

Watts -5- .7373 = foot pounds per second. 
Calorie X 3 968 = B. T. H. - 
Cheval vapeur x .9863 = Horse Power. 
(Centigrade x 1.8; + 32 = d g'ree Fahren- 
heit. 

Franc X .193 = Dollars. 

Gravity Paris = 980.94 centimeters per 
second. 


DATA ON WATER* 


1 cubic foot of water * 63,3791 lbs. 

1 cubic inch of water = 03612 lbs. 

1 gallon of water = 8.338 lbs. 

1 gallon of water = 231. cubic in, 

1 cubic foot of water = 7.480 gallons. 

1 pound of water = ■ 217 ' cubic in. 

The above data is calculated for distilled water at 40° Fahrenheit. 


The pressure of a column of water in pounds per square inch is equal to the height 
of the column in feet multiplied by .433. 

The pressure per squa'’'=‘ +h^'^d™ht of the column in feet multi- 
plied by 63.44 Q^hepow,:- ■», r ■ Is equal to the weight of the 

water multiplied by the > ' - * . . .t is lifted (foot pounds) divided 

by 33,00 >. An allowance :j i :■ ■> . . ■ ■ ily be made for frictional losses. 


■ DATA ON POSTER. 


The Unit of Work is the foot pound or the work necessary to raise a weight of 
one pound one foot. 

Tho Unit of Heat is the British Thermal Unit or the amount of heat necessary to 
raise tho temperature of one pound of pure water from 39° to 40° Fahrenheit. 

The Mechanical Equivalent of one British Thermal Unit of he it is 778 foot pounds 
of work, and upon this value are based all heat and power determinations. 

A Horse Power is the amount of work necessary to raise 33,000 pounds one foot 
high in one minute. It is dependent upon three factors : force, distance and time. 

Indicated Horsepower is the measure of the work developed in the cylinder of 
an engine and equal to the following expression : 


Pressure X Area x Double Stroke x Eevolutions 
Horse Power — 


33,000 


where pressure = the mean or average pressure per square inch on the piston : Area 
= the area of the piston in square inches ; Double Stroke =■ the distance traveled by 
the piston in feet for each revolution^ and Eevolutions = the number of revolutions 
the engine makes in one minute. In this expression the pressure and area represent 
the force, and the stroke and revolutions the distance. 

Brake Horse Power is Hie measure of the power given off at the shaft, and is 
always less than the indicated horse power by an amount equal to the work necessary 
to overcome the frictional resistance of the engine. In measuring the brake horse 
power a suitable brake is applied to tho fly wheel of the engine as shown in Fig. 673. 
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The rod R attached to 

be adjiste^’tSto^h fhelif^^^ 


"VVe then have a force V acting* throu . 


I by the radius L and 



FIG. 673. 


the number of revolutions the wheel makes, or, 
y would move in one minute if free to turn. 


in other words, the sdstaiice 


the point 


The brake horse po^ver - horse power = 


lorce X aisiance 
33,0(10 loot pounds 


V. ^Xi X tt X N 


xvjuu iJUUUUS 83,000 

When P = the force in pounds; 2L = the diameter in feet of the circle throiin.h 
tm torce acts ^ ir = the constant 3.1416 by which the diameter is mult ini 
the mrcumfereuce,andK = the number of revolutions per mmute ^ 


INDEX 


A 

Addendum circle 465 

Adjustable hollow milling tool 208 

Adjustable reamers 114, 120 

Adjustable limit gauges 91 

Adjustable dies 180 

Advantage of radial mills 818 

Advantage of collapsing taps 138 

Advantages of expansve mandrels. . 158 
‘ " .tent lathe tools.. 201 

512 

Angular and notch gauges S4 

Angular milling cutters 330, 339 

Angular velocity 403 

Angular drilling 415 

Arbors 154 

Arbors, milling 348 

Arbors, shell end mill 340 

Arbors, thread 347 

Arch stays 402 

Automatic gear cutting machines., 3S4 
Automatic screw machine 191 


13 

Back facing . . . ; 415 

Back gearing, computation of 107 

Back gear, friction...... 3 91 

Back gearing, triple. 107 

Back lasli, effect of on taper turn- 
ing- 230 

Balancing of pulleys 521 

Balancing way 521 

Bearing, shaft 511 

Bell center’ punch 220 

Ball turning :* 243 

Belting 490 

Belting, care of leather 403 

Belting, double, triple, etc 492 

Belting, examples of drives 497 

Belting, hides used for leather.... 490 

Belting, leather 400 

Belting, ' action of 492 

Belting, ■ 495 

Belting, . ■ ' ■ ■ .... 494 

Belting, ■ ■ .... 493 

Belting, ■ 491- 

Belting, : ■ _ hair 

side next to the pulley 406 

Belts, run of on pulleys 501 

Bevel gear cutting .305-387 

Bevel gear cutting in milling ma- 

chfne 365 

Bevel gear cutting, selecting of cnt- 

• ters for 382 

Bevel gears 407 

Bevel gears, laying out 474 

Bevel gear planer, Belgram 392 

Bevel gear planer, Gleason 392 

Blocking for planer 299 

Bolts, carriage 450 

Bolts, machine 450 

Bolts, stud 451 

Boring bars 250 

Boring large parallel holes in heavy 

drilling machines 420 

Boring mills, floor 208 


Boring mills, horizontal 206 

Boring mills, relation to the lathe. 204 

Boring mills, universal 209 

Boring mill work, securing 209 

Boring parallel holes in the lathe . 259 

Boring mills, vertical 204 

Boring, setting up work for 253 

Boring spherical sockets 201 

Boring tapered holes with boring 

bSrs 252 

Boring tools 200-202-203 

Boring work secured to the lathe 

carriage 252 

Box cut-off slide 209 

Box tools 207 

Bulling spindle 425 

, ■* 410 

■■ , 522 

- ■ tapers 346 


Circulating speed of pulleys 514 

Calculation of cutting speeds 224 

Calculations for indexing on auto- 
matic gear cutters 386 

Caliper dividers 220 

Calipers 

Calipers, firm joint 04 

Caliper gauges 60 

Calipers, hermaphrodite 68 

Calipers, how held 65 

Calipers, keyhole 68 

Calipers, lock joint 64 

Calipers, micrometer 70 

Calipers, recording 64 

Calipers, spring joint 65 

Calipers, thread 68 

Calipers, transfer, types of 64-68 

Calipers, use of , 65-67 

Calipers, vernier 68 

Cam cutting attachment 333 

Cam milling, example of 376 

Cape chisels 20 

Case hardening 448 

Care in heating tool steel. 446 

Care in indexing , . . . 353 

Care and use of drill chucks..'.... 351 

Care of centers 236 

Care of files : . StT’:-. 45 

Care of lathe centers 181 

Care of mandrel centers 161 

Care of surface plates 54 

Care necessary in chucking 255 

Caro to exercise in putting on arbor 

cutters . 361 

Carriage holts 450 

Cat head 226 

Causes of inaccurate work with flat 

drills 104 

Center hearing reamers 123 

Center hearings, form of 222 

Center hearings, lubrication of.... 222 

Center gauges 86 

Center head square, use of 221 

Center reamer, combination 222 

Center rest 225 

Center rest work, example of 227 



Centers, care of 236 

Centers, drawing over 222 

Cutting bevel gear 365-387 

Cutting edges . .. -.lt)7-100 

Centers' drilling^' of 222 

Centers, pipe 238 

Cutting double thread.s 235 

Centers, index 2^6 


Centers, locating of 22U 

Centers, planer 296 

Check nuts 451 

i.'hucking reamer.-s 116, 118 

Circular milling attaehmenc 33U 

Circular pitch 465 

Cutting off maeluue 106 

Cutting speeds 223 

Cutting oft’ tools 200 

Cutting speeds, calculation of 224 

Cutting speeds, effect upon output. 224 

(Miffing spiral gonr.s .. 394 

Clamp dogs 211 

Clamping work on planer 290-301 

Clamps, belt 494 

Clamps for planer 300 

Classes of milling cutters 336 

Classification of drilling jigs 410 

(.’ycioidal ciirva> 472 

(-'ycioidal gearing system 467, 471 

Cycloidal tooth curves 472 

Cylinder boring, exnmple of 271 

Cylinder boring macliiuo 270 

Cylindrical grinding 428 


Chissilieation of files . . . . 25 

Ciassilication of griiidiug; operations 423 

Oloniimg castings 43 

Cl(?anmg files -14 

Clearance angle lUti 

Clearance in tap threads t31 

Clearances in twist drills 1(15 

Cold chisels, forms of 20 

Cold chisels, how forged 18 

Cold chisels, correct grinding ot. . . 10 

Cold chisels, how held 21 

Cold chisels, machinist 18 

Cold chisels, temper of 21 

Cold chisel, tempering of 440 

Collet chucks 105 

Collets, milling machine 340 

Collets, spring chuck 348 

Combination center reamer 222 

Combination drill and pipe taps. . , . 133 

Combination chucks 210 

Combination squares 00 

Comparison of wire gauges 82 

Comlunation wrenches 102 

Compound indexing 351 

Compound re.st 17() 

Compressed air in the shop 517 

Computation of back gearing 107 

Cones, r:,:.:i i;!’-':’-. ^ f...I 250 

Correct a : i-.-l”., ■: ■ chisels.... 10 
Correct use of hack saw blades .... 00 

Coriect use of hammers 18 

Correct use of monkey wrenches... 100 

Cotter pins 458 

Counter bore 415 

Counter shafts 100 

Couplings, shaft 508 

Change gears In gangs 177 

Chucking, care necessary in 255 

Chucking work " 254 

Chucking work from outside 255 

Chucks, drills 150 

Chucks, care and use of 151 

Chucks, (Combination 210 

•Chucks, face plate 21.8 

Chucks, independent 215 

Chucks, “"lathe 214 

Chucks, revolving 210 

Chucks for special work 254 

Chucks split 260 

Chucks, universal 215 

Collapsing taps, advantages of.... 133 

Crank driven shapers 283 

Crank pins, turning of 232 

Cross-filing 30 

Cross sections of files 22 

Cutter and reamer grinder 425 

Cutter bar for kevseater 310 

Cutter head for boring 270 

Cutters, care to exercise in putting 

on arbor 301 

Cutters for keyseaters ,300 

Cutters, importance of keeping 

sharp : 350 


D 

Data for spiral gears 482 

Data on water 542 

Definition of forced fit 202 

Definiti(m of horse power 042 

Definition of working fit 202 

Diametral pitch 405 

Diamond point chisels 21 

Diamond truers 437 

Die sinking machine 320 

Dies, adjustable 130 

Dies, two classes of ■ 135 

Dies, -elTect of tempering on 140 

Dies, self-opening 138. 

Dies, how sharpened 137 

Dies, solid 130-138 

Dies, use of on oversize stock 140 

Dimensions of lathe liY 

Dividing mechanism on automatic 

gear cutters 380 

Dogs, clamp 211 

Dogs, die 211 

Dogs, double eud 211 

Dog.s, lathe 21 (> 

Dogs, effect of leverage on the work 210 

Double cut files 25 

Double threads, cutting of 235 

Draw filing 30 

Draw filing, accuracy of 40 

Drawing of keys 457 

Drawing over centers 222 

Dressing and regrinding ham- 
mers 18 

Drift drill 134 

Drill and tap holders, reversing... 148 

Drill and tap holders, imj}ortance 

of 142 

Drill chucks 150 

Drill chuck, “Presto.” 140 

Drill feeds 110 

Drill lubrication 110 

Drill, pod 414 

Drill shanks 108 

Drill sockets 142 

Drill speeds, rule for 110 

Drill sizes 100 

Drills, flat 103 

Drilled holes, locating 112 

Drilling attachment, high speed . . . 407 

Drilling large holes in plates 415 

Drilling jigs 410 

Drilling, annular 415 

Drilling of centers 222 

Drilling machines 307 

Drilling machine, pneumatic 518 

Drilling machines, standard pat- 

fern 397 

Drilling, starting drill true in the 

lathe 240 

Drilling of deep holes 414 


Cutters, milling, driving of 349-350 Drilling jigs I.'!'! 4l() 

Cutting angle for drills 106 Drilling iin the lathe 248 
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Drilling machine, maunfacturcs.,. . 

i/iiila tor brass work 

Drills with “constant” angle oi’ 

flute 

Drills, forged 

Drills vvitli hollow shanks 

Drills with grooved shanks 

J)riils, causes of inaccurate work 

with Hat 

Drills, gang 

Drills, horiKonlal spindle 

Drills, mull ip le spindle 

Drills, oil tube 

Drills, oil tube, uh(‘ of 

Drills, portable 

Drills, radial 

Drills, rolled 

Drills, straight llnte 

Drills, threo-Ilute 

Drills, twist 

Drilling tables, universal 

Drilling vise 

J) rivers, notch 

Drivers, nut ■ 

Drivers for threade<l wiu'k.. 

Drivers, pulh‘.v 

Driving -lit, allowaiiue l'(U’ 

Driving tit, <leIiiiilion of 

Driving large woi-k on lli<‘ nunulrid. 
Dunnny, ns(‘ of in lurnlng caius,,. 

Duplex g<‘ar <‘U(t<‘rs 

Duplex milling nuiehim' 


-100 

110 

lOT 

100 

KKS 

100 

1(H 

^100 

4or> 

0110 

1 1 1 
2^1 S 
-lOb 
-101 
foo 
107 
HIT 
(05 
4o;5 
•I OS 
2i;{ 
212 
212 
21 ;j 
202 
202 
100 
210 
:?S2 
2. 1 7 


Electric transmission of povv<'r. , . . 

Emery wlie^ds 

Emery whiud dn'ssers 

Emery wheels, selecting of for any 

class of work 

Emery wheels, speed of 

hlpicyeloldal curve 

Effect of carbon in steel. 

Effect of sand and scale on (lies.. 
Effect of tempering on dies ...... 

Efficiency of toothed gearing 

Elements of lathe 

Elements of spiral gears 

End measure gauges 

Engine lathe 

Example of center rest work 

Example of heavy gang milling. . . . 
Example of heavy tiirnd, work.... 
Example of slotting machine work. 

Example of cam milling 

E.xainples of • 

Examples of ' :: i 

Example of bux jig. 

Examples of Jigs 

Example of turret facing 

Exercise of .indgrnent in turning, . . . 
Expanding mandrels 1 54- 


51 r 
42h 
427 


420 

420 

472 

440 

40 

140 

474 

105 

470 

51) 

105 

227 

272 

25H 

207 

270 

274 

270 

412 

411 

257 

224 

150 


40 


.21-28 
, . 22 


. 22-22 


Eile handles 22 

Eile holders, surface 22 

Eile teeth, effect of form of 27-28 

Eiles, annealing of blanks 25 

Eile.s, blank forms 22-24 

Eiles, cure of 45 

Eil(‘s, cleaning of 44 

l'Ml<‘s, cross sections of l!2 

Eiles, clas'silieation of 25 

Eiles, double (Uit 25 

Eil(‘s, ellVct of sand ami scale on, 

Eiles, grad(‘s as to coarseiie.s.s. . . . 

Eiles, hand cut 

Eiles, how lield in operating. 

Eihns, lengths 

hhles, machine cut 

E11<*k, iiauu's of 

Eiles, lU'cesslty of belly in 20 

b'ih'S, pinning of 45 

Eiles, pn‘])a ration of hlaiiks for cut- 
ting 25 

bMles, racks for 4(} 

bhics, rnsj) 25 

bMU's, saf(‘ly edg(‘s on 20 

EIlcs, H(‘h‘cilng of, for any class of 

work 20-24-40 

bales, siiighi cut 25 

Eiles, use of chalk and oil on 45 

El ling, dtrc'ction of strokt‘s 24 

Elling, effeu’t of narrow siirfuc»* on 

tile l:e<‘lh 24 

bdling, lllhds 27 

b’iling, lint smdlu'es 25 

Elling, interior siirlac(‘H 20 

if i ling, nu)rlis(‘s 28 

Elling, I)omUIoii of work for 22 

Elling rot a ling discs .I4 

If 1 ling rointliig work 41 

Elling, i)ohUIou of workman 22 

Eiling Hciunre corners 27 

Elibig H(iiiare and round liohss 25 

Eiling thin work 29 

Einishing cuts after roughing 252 

Ell I er lag of oil ,522 

JfinlHlilng for planer tools 21)2 

Eltting Hurfac(‘H by “i>eddlng" 52 

Elat drills ; 10,2 

Elat Ih'ys 455 

Elat tniTid: lathe I04 

Ely cutter 242 

Follow rest *227 

Forced lit, deilnition of 202 

Forged drills 100 

Formed cutters 242 

Formed gear cutters .281 

Iforming tools 207 

Form of center bearings 222 

Forms of cold chisels : . . . . 20 

Form of flutes and te(d:h taps 1,21 

Forms of hammers 17 

Forms of scrapers 48 

Frictional tap holders 147, 14|) 

Frictional gearing 4(52 


F 


G 


Face plate carriers 255 

Pace plate chucks 218 

Facing in horing mill. 272 

Facing work in the milling machine 20.2 

E 450 

' ■ ■ rew threads ...... 125 

I lb. 455 

I ■■ ■ ■ ■ 455 


I ■ . ■ a vertical for shap- 
ers 

Feed gear reversal 

Feed rods 

Feeds for milling 

Feeds, geared 

Fellows gear shaper 


285 

172 

171 
250 

172 
280 


Gang drill work, examples of 

Gang drills 

Gang drilling jigs 

Gang mining cutters 

Gang milling, example of heavy. . . . 
Gang milling, importance oC. \ . , , . 

Gang planer tools 

Gauges, adlustahle limit 

Gauges, angular and notch 

Gauges, caliper 

Gauges, center 

Gauges, corrective 

Gauges, depth 

Gauges, drill 

Gauges, end measure 


410 

400 

417 

212 

272 

212 

201 

00 

84 

00 

80 

02 

80 

84 

50 
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<jrai:ges, limit G1 

Gauges, manufacture of GG 

Gauges, nut and washer 85 

Gauges, plug and ring 59 

Gauges, scratch 89 

Gauges, screw thread 88 

Gauges, standard care in use of . . . 61 

Gauges, standard 59 

Gauges, standard thread 62 

Gauges, surface 90 

Gauges, thickness 88 

Gauges, thread 87 

■Gauges, use of 61 

Gauges, wire r 85 

Gear cutters 340 

Gear cutting, duplication system... 379 

Gear cutters, duplex 383 

Gear cutters in gangs 383 

Gear cutting in plain milling ma- 
chine, by under cut method... 3G5 

Gear cutting, large spur, in plain 

milling machine 365 

Gear cutting machines, automatic.. 3S4 

Gear cutting, molding planing 

method 3S0 

Gear cutting, templet planing 

method 3S0 

Gear stiaper, Fellows 389 

Gears, bevel 46 r 

Gears, toothed 404 

Gears, worm ...467-4 75 

Gearing 463 

Gearing, cycloidal, system 467-471 

Gearing, efficiency of toothed- 4 74 

Gearing, frictional . 463 

Gearing, involute system 467 

Gears, internal 473 

Gear.s with axes at varying dis- 
tances 471 

Gears, spiral 467 

Gears, spur 467 

Graduated dials on feed screws, use 

of 362 

Graduate machine dials, value of. . 378 

Grinder, cutter and reamer 425 

Grinder, twist drill 428 

Grinding, cylindrical 4:i8 

Grinding, importance of 423 

Grinding, internal 429-433 

Grinding machine, plain 293-429 

(Ti'indiug machine, universal 428 

Grinding operations, classilication of 423 

Grinding steep tapers ’. 434 

Grinder, portable 437 

Grinder, tool 424 


H 

Hack saw blades 99 

Hack .saw iilades, correct use of. . . 99 

Hack saw frames 100 

Hack sawing macbines 520 

Hammers, correct use of 18 

Ilammer.s, dressing and regrinding. . 18 

Hammers, forms of 17 

Hammer handles 18 

irainmers, machinist 17 

Hammers, i)n(nimatic 518 

Hammers, weight of 17 

Hand cut files -7 

Hand caps 129 

Handles,, of hammers 18 

Hardening in oil 443 

Hardening in steel 440 

Ilear. unit of 542 

’ 443 

■ ■ ■ ol, care in 44(> 

. ■ ■ ■ Ipers 220 

. : . t: ' . 400 

• , ; ■ ■ . , 407 

Hints on planer manipulation . » . . . 305 


Mobbing machine 303 

Hobs, worm 340, 305-393 

Hoists, hand 520 

Hoists, pneumatic 517 

Hollow hexagon turret lathe 19G 

Hollow milling tool, adjustable 208 

Horse power, brake 542 

Horse power, definition of 542 

Horse powder, indicated 542 

Horse power, measuring of 542 

How to find tap drill sizes 141 

How to sharpen dies 3 37 

Hypocycloidal curve 472 

I 

Importance of drill and tap holders. 142 

Importance of gamr milling 313 

Importance of grinding 423 

Importance of keeping sharp cutters 356 
Importance of milling machines. . . . 312 

Increase twist in drills., 106 

Independent chucks 215 

Indexing, care In 353 

Indexing, centers 323 

Indexing, compound 351 

Indexing, differential 352 

Indexing on automatic gear cutters, 

calculations for 3S6 

Indexing, plain 324 

Indexing, rule for 350 

Indicator, use of tost 92 

Influence of form and number of 

teeth in reamers 114 

Inside micrometer calipers 81 

Internal grinding 433 

Involute curve 467 

luvolute tooth outline, approximate 

method of laying out 46S 

J 

Jacks, planer 300 

Jig, box, example of 412 

Jigs, drilling, classification of .... 410 

Jigs, examples of 411 

Jigs, for drilling 410 

Jigs of gang drilling 417 

Jig milling, example of 374 


K 

Key rule blocks 07 

Key sea ter 308 

Key seaters, portable 311 

Key seating in a shaper 20S 

.Key ways, cutting of 304 

Keys, drawing of 457 

Keys, fiat 455 

Keys, gib head 457 

Keys, round 454 

Keys, taper of 455 

Keys, Woodruff 456 

Knee plate, securing work to 254 

Knee plate, use of 375 

Knurling tools , 206 


Large micrometer calipers 74 

I capping 438 

Laps 439 

Lathe i)ods 165 

Lathe carriage 169 

Lathe centers, of 181 

Lathe change gears 174 

Lathe change gear calculations..., 175 

Lathe change gears, compound.... 175 
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Lathe chucks 214 

Lathe, aimeusious ut' 177 

Lathe dogs 210 

Lathe, elements of 105 

Lathe, engine 105 

Lathe, gap 184 

Lathe head stock 105 

Lathe, importance of lOB 

Lathe, monitor 180 

laitiie puns 525 

Lathe, pit 184 

Lathe, i)Ulloy 185 

Lathe racks 525 

Lathe, relationship with other tools lOB 

laithe, spe(‘d or hand 104 

Lathe spindle bearings 100 

Latlie tail stock 108 

Lathes, testing of 170 

Lathe tools 11)7 

Lathe, tool makers 182 

loathe tools, patent.. 200 

Lathe tools, patent, advantages of. . 201 

Lathe tools, threading 20B 

laitlie tools, setting of 100 

Lathe, two spindle 185 

Lathe, turret ISO 

Lathe, turret chucking 188 

Lathe, wheel 184 

Laying out bevel gears 474 

Lead screw 100-174-177 

Lead screw nut 174 

Lead screw thread.s 177 

Leather helling 4i)0 

Left-hand screw cutting 204 

Leveling wedges 200 

Linear velocity 408 

liine of action in gearing 478 

Link leather .1)0 Iting 400 

Ijining np line shafting 512 

Link planing attachment 2i)5 

r.‘ " . 01 

1 i holes 112 

Lock nuts 451 

Ijuhricatlon of center bearings. . . . 222 

Luladcation of drills 41 

Lubricating macblne centers 101 

Lubricating, ])laner ways 280 

Lnhrlcation of milling centers 878 

Lubrication of taps and dies 140 


M 


Machine holts 

jSIachlnists’ cold chisels 

Machine cut dies. • 

Machinists’ haramors 

Mandrel block 

Mandrel centers 

Mandrel centers, care of 

Mandrel presses 

Mandrels 

Mandrels, driving in hores 

Mandrels, expanding 154, 

Mandrels, expansive, advantages of. 

iNIandrels for conical hores 

Mandrels for large hores 

Mandrels, hardened’ and ground. . . . 
Mandrels, influence of on sizes of 

hores 

Mandrels, nut 

Mandrels, solid 

Mandrels stuh 

Mandrels, taper of 

Mandrels, with ends only hardened. . 
Manufacturers’ drilling machine. . . 
Measuring machine, Ih’att & Whit- 
ney 

Measuring machine, Eogers-Boiul. . 

Measuring machines, ?tweets 

Mechanical equivalent of heat 


450 

18 

20 

17 

101 

154 
IGl 
1G2 
158 
IGl 
150 
158 
158 
150 

155 

156 
150 

154 
100 
150 

155 
400 


78 

57 

70 

542 


Methods for testing squares 05 

Method of lacing belting 405 

Methods of lapping beltmg 404 

Methods of producing screw threads 129 

Micrometer calipers, beam. 70 

Miciometer calipers, bench 77 

Micrometer .calipers, for measiuiug 

screw threads 73 

Micrometer calipers, inside 81 

Micrometer calipers, large 74 

l\licroxneter calipers, reading of.... 71 

Micrometer caliiiers, use of 72 

Milling arbors 348 

Milling, advantages for certain 

classes of work over planing.. 812 
Milling attachment for planer. . , . 208 

Milling cutters, forms of teeth 845 

Milling cutter vibration, causes of. . 378 
Milling cutters, advantages of small 

diameters of 301-345 

Milling cutters, angular 330-330 

Milling cutters, axial 330 

Milling cutters, classes of 330 

Milling cutters, inserted tooth..., 348 

Milling cutters, formed 830-330-341 

Milling cutters, grinding of 345 

Milling cutters, method' of driving. 340 

Milling cutters, nicked teeth 337 

Milling cutters, radial 330 

Milling cutters, straddle 337 

Milling, direction of feed and rota- 

. tion of cutter for 358 

Milling, examples of 350-361-303 

rMllling head, universal 328 

Milling head, vertical spindle 328 

Milling, in the lathe 200 

Milling machine as a manufacturing 

tool 318 

Milling machine, duplex 317 

Milling machine feeds 321 

Mining machine feeds, all gear..,. 322 

Milling machine, idain 814 

Milling machine, slahhing 817 

Milling machine, universal 313 

Milling machine, vertical spindIe.317-310 
Milling machines, Importance of... 812 

Mills, end 338 

Mills, end, center cut 338 

Monitor lathe 189 

Monkey wrenches 100 

Movable racks '. 525 

Movable head boring bars 250 

Mnlller fc * 

Multiple ■ ■ ■ ■ ■ ' 253 

Multiple': ■ ' uses. 107 

Multiple spmuie uriiis 391) 

Multiple thread screws 128 


N 


Names of files 22, 23 

Necessity of belly in files 29 

Nut and washer gauges 85 

Nut drivers *. 212 

Nuts, machine 454 

Nut locks 452 


O 


Object of tempering 

Odontograph, Grant’s involute 

Oil, filtering of 

Oil pumi) • . . . 

Oil separator 

Oil tube drills 

Open side planer 

Open side shaper 

Overhanging arm supports. . . . 
Oversize in taps 


440 

470 

522 

334 

522 

111 

270 

2SS 

321 

131 
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Parts of planer head 

Patent lathe tools 

Pickling brass castings 

Pickling castings 

Pilot bars 

Pipe centers 

Pitch circle 

Ihtch of screw thread 

Planer attachments 

Planer clamps 

Planer jacks 

Planer, characteristic parts 

Planer and. its moditications 

Planer and shaper tools 

Planer feeds 

Planer head, parts of 

Planer, open side 

i’laner, table drives 

Planer table reversing mechanism. . 

Planer table stop pins 

Plane surface, method of producing 

Planing, care necessary in 

Planing, clamping of work 

Planing, lining up work * . . . 

Planing, securing work in vise .... 

Planing, springing of work in 

Pneumatic drilling machine 

Pneumatic hammers 

Pneumatic hoists 

Pinning of files 

Plain grinding machine 203, 

Plain milling machine 

Plain turret screw machine 

Planer centers 

Planer, jacks 

Planer tool clamps 

Plug and ring gauges 

Portable drills 

Portable grinding head 

Portable key seater 

Position of tool for screw cutting. . 

Position of work for filing 

Position of workman filing 

Pow’er required to elevate water .... 

Power transmitted by belting 

Pratt & Whitney measuring machine 
Pratt & Whitney’s standard gradu- 
ated line-measure bar 

Pi*eparation of leather belting 

Problems in spiral gearing 

Proper care and use in reamers. . . , 

Pulleys 

Pulleys, balancing of 

Pulleys, calculating speed of 

Pulleys, clutch 

Pulley drivers 

Pulley lathe 

Pulley taps 


Rack cutting attachment ?>32, 

Racks, cutting of 

Rack-driven shapers 

Racks for files 

Rack teeth, involute 

Racks, movable 

Radial drills 

Radial mills, advantages of 

Raising blocks 

Rake angles 

Reamer, siiecial large 

Reamers, adjustable 114- 

Reamers, arbors for shell 

Reamers, center bearing ] 

Reamers, chucking 110-1 

Reamers, expansive 1 

Reamers, fluting of 

Reamers, hand 1 


Reamers, influence of form and num- 
ber of teeth in 

Reamers, life of 

Reamers, points on manufacture of. 
Reamers, the proper care and use of 

Reamers, shell 

Reamers, solid 

Reamers, stocking 

Reamers, taper 

Reamers, tooth clearance in 

Reamers, undersized, rechiiiuiiig of 

Reamers with three flutes 

Reamers with spiral flutes 

lieaming by hand 

Reaming in machines 

Reaming in the lathe 

Recording calipers 

Regrindihg and dressing hammers . . 
Relationship of lathe with other 

tools 

Relieving attachment for lathes . . 
Reversing drill and tap holders. . . . 

Revi^ying chucks .■ 

Riveted joints 

Rivet holes 

Rivets 

Rivets, setting of 

Rogers-Bond comparator 

Rogers-Bond measuring machine. . . . 

Rolled drills 

Root circle 

Rope drives 

Rope drives, flexibility of . 

Rope splicing 

Rope transmissions, systems of. . . . 

Ropes, speed of in drivms 

Round keys 

Rule for drill sneeds 

Itule for Indexing 

Rules for determining gear parts . . 

Rules, gear 

Rules, hook 

Rules, key seat 

Rules, standard steel 

Rules with end graduation 


i Safety edges on files 

. Scrapers and surface plates 

1 Scrapers, forms of 

: Scrapers, how held and used 

f Scrapers, use of 

Scraping, plane surfaces 

: Scraping, preparation of work sur- 

I face for 

; Scratch gauges 

' Screw cutting, by use of compound 

rest 

Screw cutting, ca telling- 1 bread in. . . 
Screw ciiUing, exei’cise of care' in.. 

Screw cutting, in the lathe 

Screw cutting, Jeft-Iiand ; 

Screw cutting, position of tool for. : 

Screw cutting, square threads : 

Screw drives and how ground 

Screw machine, plain turret ' 

Screw machine, automathr 

Screw thread gauges 

Screw thread, pitch of : 

Screw threads ' 

Screw threads table l 

Screw threads for fastenings 1 

Scj'ew threads for Iransiniltliig mo- 
tion 1 

Screw threads, methods of producing 1 
Screw threads, siinare, trapezoidal 

and Powell’s .1 

Screws, cap -I 

Sci'ews, set A 

Securing work on planer. .... .200, t) 
Securing work to knee plale i 
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Solectiiig files for any class of work 

ao, 84, 40 

S. ’r 1 .vD-'.’; - -teel 200 

>■■■• .. 18, S 

jSeliers' piaiier table {Irire 274 

Sensitive tlrills 807 

Shaper attacliiiients 285-207 

Set screws 458 

Setting of lathe tools 100 

Setting of rivets . 401 

Setting tool for taper turning 281 

Setting up work for boring 258 

Shaft, bearing 511 

Shaft, couplings 508 

Shafting, alining 512 

Shaper, draw stroke 280 

Shaper, movahio head 280 

Shaper, open side 288 

Shapers, characteristic parts 282 

Shapers, crank driven 288 

Shapers, rack driven 288 

Sheaves, rope 506 

Shell reamers 110 

Shrink lit, definition of 202 

Single cut files 25 

Slabbing cutter 348 

Sleeves, drill 144 

Slide rest 170 

Slotted link, for shaper ; . . . . 284 

Slotting attachment 884 

Slotting machine 300 

Slotting raachmc work, example of. . 307 

Sockets, drill 142 

Sockets, special form of drill 144 

Sockets for oil tnbe drills 248 

Sockets, frictional driven 147 

Sockets, grip 145 

Sockets, lathe 145 

Solid dies 130, 138 

Solid mandrels 154 

Solid reamers 114 

Special form of drill sockets 144 

Special tool for planing circular 

surfaces 200 

Speeds for milling cutters 350 

Spherical turning 248 

Spherical socket boring 201 

Speed of emery wheels 480 

Speed of hand lathe 104 

Spindle ends stiiiaring off 228 

Spiral cutting attachment 882 

Spiral, cutting of a 354 

Spiral gears 407 

Spring for planer tools 202 

Spring joint calipers 05 

Spiral gears, data for 482 

Spiral gears, elements of 470 

Spiral geared planer 270 

Spiral gearing, problems in 483' 

Spiral gears, cutting of 394 

Spirals, calculations for the change 

gears ; , 354 

Spur gears 407 

Square, box 07 

Square corner filing 37 

Squares, combination 90 

Squares, methods for testing ...... 05 

Squares, standard steel 04 

Scpiares. thin steel 00 

Sfpiarlng off spindle ends 223 

Standard gauges 59 

Standard graduated 1-iue-measuro 

bar. Pratt & Whitney 50 

Standards of measure 55 

Standard pattern drilling machines. 307 

Standard steel imles 03 

Standard steel squares 04 

Standard thread gauges 02 

Straightening of tempered work... 44.5 

Straight edges, cast iron 08 

Straight edges, steel 07 

Stay holts 401 

v8lnv hnU Inns 132 


Stays, crown .sheet 402 

Stays, diagonal ! 401 

Steady rose 225 

Steel, air hardening tool 447 

Steel, effect of carbon in 440 

Steel hardening 440 

Steel, heating of 441 

Steel, quenching of 448 

Steel, self-ha rdeiiiiig tool 447 

Stock, keeping of 524 

Stops, milling machine table 875 

Stud holts 451 

Stud set 451 

Supporting work not round 220 

Surface disc grinder 480 

Surface file holders 32 

Surface gauge, use of 221 

Surface grinder 485 

Surface plates 50-54 

Surface plates, care of 54 

Sweep cutter 410 

Sweep drilling 415 

Sweet’s raeavSiu'ing machines 70 

Systems of rope transmission 505 


T 

Table of capacities of rectangular 

tanks 541 

Table of capacities of round tanks. 541 
Table of circumferences, areas, 

squares, etc., of circles 520 

'fable of cycloidal gear cutters.... 882 

Table of decimal equivalents 020 

Table of dimensions of keys and key 

ways 527 

Table of drill speeds 110 

Table of emery wheel speeds 5J.U1 

Table feeds on milling machines . , 821 

Table of gas tap sines 188 

'fable of' horse power of transmis- 
sion rope 538 

Table of involute gear cutters 881 

Ta])lG of maeliine screws 587 

Table of metric conversion, s 542 

Table of milling speeds 357 

Table of properties of metals 088 

Table of relative values of non-con- 
ductors 588 

Table of size of tap drills.., 537 

Table of screw threads 128 

Table of sizes of chimneys with ap- 
proximate horse power boilers. .541 
Table of s])' "i - ight 

of vari ■ ' . . .... 582 

Table of sp .... 580 

Table of . ■ of . 

wrought iron steam, gas and 

water pipes 534 

Table of different standards for 

wire gauge in the TI. S 528 

Table of standard hexagon bolts and 

nuts 5.85 

Table of tap drill sizes for gas pipe 537 

Table of tap drill sizes 11- 

Tables for transmitting efhciency of 

turned shafting 580 

Tables of transmission of power by 

leather belting 588 

Table of units of heat in one pound 

of fuels 533 

Table of weight of fint bar iron. . . . 5.3T 

Table of weight of plate iron 531 

Table of weight of castings from 

patterns 588 

Table of weights of square and 

round bars of wrought iron. , . . 530 
Table of weight of various sub- 
stances 532 

Table feed rack, dangers of 321 

T'an and die action when dull..., 141 
Tap drill sizes 112 
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Tap drill sizes, bow found 141 

Tap holders, I'riccional 147-140 

Tap wrenches 151 

Taper attachment ISO 

Taper drill shanks 108 

Taper grinding 431 

Taper keys 455 

Taper milling 37<J 

Taper pins 458 

Taper reaming lii- 

Taper turning 2:^0-220-232 

Taper turning attachment 230 

Taper turning lathe 231 

Taper turning with compound rest. 231 
Taper turning, setting of tool for.. 231 

Tapers, Brown Sharpe 34G 

Taps, care in the use of 134 

Taps collapsing 183 

Taps, combination drill and pipe. . 133 

Taps, form of flutes and teeth 131 

Taps, hand 120 

Taps, hob and pipe 132 

Taps, pulley T3l 

Taps, square, starting of 135 

Taps, stay holt 132 

Taps, taper, plug and bottoming. . . 130 

Taps, use of two on heavy tapping 135 

Temper, drawing of in sand 445 

Temper of twist drills 107 

Tempered work, straightening of. . . 445 

Tempering by color 444-447 

Tempering in oil 444 

Tempering, object of 441-443 

Tempering of steel 440 

Tempering, warping of articles in . . 445 

Testing of lathes 170 

Thread calipers 08 

Three flute drills 107 

T slot cutters 330 

Tool grinder 424 

Tool ’ ■ ■ ’ 2S2 

Tool, ■ , vvays 201 

Tool . ■ of on taper 

turning 227 

Tool, special , for planing circular 

surfaces 20G 

Tools for slotting machine 308 

Tools, spring for planer 292 

Tools, finishing for planer 203 

Tools, under cut for planer 202 

Toothed gears 404 

Tote boxes 525 

Transmission of electric power. . . . 515 

Transmitting motion for screw 

threads 125 

Turning a plain spindle 220 1 

Turning cams 24 G | 

Turning concave and convex sur- 
faces 245 

Turning cross-head pins 230 

Turning crank pins 232 

Turning, exercise of judgment in,. 224 

Turning irregular outline's 242-245 

Turning long work by use of hol- 
low rest 227 

Turning, offset work 232 

Turning shafting 230 

Turning spherical work 243 

Turning taper work ...... .226-220-232 

Turret boring, example of 257 

Turret chucking lathe, automatic.. 3 92 

Turret chucking lathes 102 

Turret drilling machines 403 

Turret facing, example of 257 

Turret mac^;iine operations 256 

Turret, on carriage 386 

Turret on shears 3SS 

Turret tools 3 0.5-207 

Turret work, example of • • ■ 258 

Twist drill cutting in milling ma- 
chine 36S 


Twist drill grinder 428 

Twist drills 3 05 

Twist drill, relieving of 360 

Two classes of dies 335 

Two spindle lathe 183 


U 


United States standard of measure 

United States standard thread 

Universal boring mills 

Universal chucks 

Universal drilling tables 

Universal grinding machine 

Universal indexing head 

Universal milling head 

Universal milling machine 

Unit of heat ‘ 

Unit of work 

Use of calipers 65, 

Use of center head square 

U.se of chalk and oil on files 

Use of gauges 

Use of graduated dials on feed 

screws 

Use of knee plate 

Use of micrometer calipers 

Use of oil tube drills 

Use of scrapers 

Use of surface gauge 

Use of test indicator 


55 
3 25 
2()0 
23 5 
403 
428 
325 
328 
313 
542 
542 
67 
221 
45 
61 


375 

72 

248 

48 

221 

92 


V 


Value of graduated machine dials.. 

V blocks 

Y threads 

Velocity ratio 

Velocity ratio in ollipiical gearing 

Vernier calipers, reading of 

Vertical boring mills 

Vertical milling, examp lo.s of 

Vi.se, drilling 

Vise jaws, soft 

Vise jaws, spring . 

Vise, jig drilling 

Vise jigs 

Vises, milling machine 

Vises, planer 

Vise, planer and shaper, .securing 

work in 

Vises, special jaws for 

Vises, use of two in milling 


378 
.303 
3 25 
466 
466 
60 
264 
.370 
408 
38 
38 
400 
38 
327 
205 


304 

372 

373 


W 

Warping of articles in tempering . . 

Waste cans 

Water, data on 

Water, power required to elevate.. 

Weight of hammers 

Whitworth quick return motion . . 

Whitworth standard thread 

Wire belt lacing 

Wire gauges, comparison of 

Work supports 

Work, unit of 

Work, securing of on planer. . . 290- 
Working fit, allowance for. ...... . 

Working fit, definition of 

Worm gears, cutting of 

Worm gears, forms of te^^th 

Wrenches, box, socket and ratchet, . 

Wrenches, combination 

Wrenches, correct use of monkey. . 

Wrenches, monkey 

Wrenches, solid 15 degree 


445 

523 

542 

542 

17 

286 

125 

405 

82 

224 

542 

304 
262 
202 

305 
477 
102 
102 
100 
100 
3 02 
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Electric Furnaces. By William E. Gibbs, M.E. With 66 Illustrations. 
Crown 8vo, cloth ... ... ... ... ... ... ... 7s. 6d. 

AERIAL NAVIGATION. A Practical Handbook on the 

Construction of Dirigible Balloons, Alh'ostats, Aeroplanes, and Airships. 
By Frederick Walker, C.E., Associate Member of the Aeronautic 
Institute. Second Edition, thoroughly revised and enlarged. 176 pages. 
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DYNAMOS. Extension and Application of a General Winding Rule. 
By E. Ari^old, Engineer, Assistant Professor in Electro-Technics and 
Machine Design at the Riga Polytechnic School, Translated from the 
original German by Francis B, de Gress, M.E., Chief of Testing 
Department, Crocker-Wheeler Company. Medium 8vo, 120 pp., with 
over 140 Illustrations Net 12s. 

AVIATION# THE ART OF* A Handbook upon Aeroplanes 
and their Engines, with Notes upon Propellers. By Robert W. A. 
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White, Member of the Institution of Automobile Engineers, author of 
“The Motor Car/’ Demy Svo, cloth, 266 pages, with numerous Illustra- 
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BEAMS* EXPERIMENTS ON THEIR FLEXURE. 

Resulting in the Discovery of New, Laws of Failure by Buckling. By 
Albert E. Guy. Medium 8vo, cloth... Net 9s. 

BLAST FURNACE CALCULATIONS AND TABLES 

FOR FURKAGE MANAGERS AND ENGINEERS* Containing 
Rules 3 ^d Formulse for Finding the Dimensions and Output Capacity of 
any Furnace, as well as the regular Outfit of Stoves, Heating Surface 
Volume of Air, Tuyere Area, &c., per ton of Iron per day of 24 hours. 
By John L. Stevenson. F’cap 8vo, leather Net 5s. 

BOILER AND FACTORY CHIMNEYS. Their Draught- 

Power and Stability. With a chapter on Lightning Conductors.’^ By 
Robert Wilson, A.I.C.E., author of A Treatise on Steam Boilers,” 
etc. Crown 8vo, cloth ‘ 3s. 6d. 

BOILER CONSTRUCTION. A Practical Handbook for 

Engineers, Boiler-Makers, and Steam Users. Containing a large 
Collection of Rules and Data relating to Recent Practice in the 
Design, Construction, and Working of all Kinds of Stationary, Loco- 
motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 
Mechanical Engineer. With upwards of 500 Illustrations. Fourth 
Edition, carefully Revised and Enlarged. Medium 8vo, over 680 pages, 
cloth, strongly bound 1 8s. 

Heat, Radiation, and Conduction— Non-Conducting Materials and Coverings for 
Steam-Boiler.s— Composition, Calorific-Power and Evaporative-Power of Fuels— Com- 
bustion, Firing Steam-Boilers, Products of Combustion, etc.— Chimneys for Steam- 
Boilers — Steam-Blast — Forced-Draught — Feed-Water— Effect of Heat on Water — 
Expansion of Water by Heat — Weight of Water at different Temperatures — Convec- 
tion — Circulation — Ev'^aporation — Properties of Saturated Steam — Evaporative Power 
OF Boilers — Priming, etc. — ^Water-Heating-Surfaces of Steam-Boiler.s— Transmission of 
Heat — Smoke-Tubes — Evaporative Power and Efficiency of Boilers — Water-Capacity 
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Pumps— Steam-Pumps— Feed-Water Consumption— Injectors— Incrustation and Corrosuin 
— Feed-Water Heaters— Evaporators — Testing Boilers— Evaporative Performances of 
Steam Boilers : Steam-Boiler Explosions, etc. 

BOILERMAKER^S ASSISTANT* In Drawing, Templating, 
and Calculating Boiler Work, etc. By J. CoUR^'NEY, Practical 
Boiler-Maker. Edited by D. K. CLARK, C.E. Eighth Edition. 
Crown 8vo, cloth ' 2s. 

BOILERMAKER'S READY RECKONER. With Examples 
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and Riveters. By John Courtney. Edited by D. K. Clark’ 
M. Inst C.E. Crown 8vo, cloth 45. 

BOILERMAKER'S READY RECKONER AND ASSIS^ 
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one volume. With Examples of Practical Geometry ^ '■'■■■ :* for 

the Use of Platers, Smiths, and Riveters. By John ( \ ^ -ted 

by D. K. Clark, M.lnst.C.E. Fifth Edition, 480 pp., with 140 Illustra- 
tions.. Crown 8vo, half bound 75. 
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BOILER MAKING AND PLATING. K Practical Handbook 

for Workshop Operations, including an Appendix of Tables.’ By Joseph 
G. Horner, A.M.LM.E. Second Edition thoroughly Revised and 
Enlarged. 380 pp. with 351 Illustrations. Large Crown 8vo, cloth. 

Net ps. 

BOILERS (STEAM). Their Construction and Management. By 
R. Armstrong, C.E. Illustrated. Crown 8vo, cloth ... is. 6d. 

BOILERS. Their Strength, Construction, and Economical Working. 
By R. Wilson, C.E. Inith Edition, r 2m 0, cloth ... 6s. 

BRIDGE CONSTRUCTION IN CAST AND WROUGHT 

IRON. A Complete and Practical Treatise on, including Iron Founda- 
tions. In Three Parts. — Theoretical, Practical, and Descriptive. By 
Wn.LiAM' PIUMRER, A.M.Inst. C. E., and M.lnst.M.E. Third Edition, 
revised and much improved, with 115 Double Plates (20 of which now 
first appear in this edition), and numerous Additions to the Text. In 2 
vols., imp. 4to, half-bound in morocco £61 6s. 6d. 

BRIDGES AND VIADUCTS, IRON AND STEEL. A 

I’ractical Treatise upon their Construction. For the Use of Engineers, 
Uranghtsmen, and Students. By Francis Campin, C.E. Crown 8vo, 

, cloth zs>. 6d. 

BRIDGES (IRON) OF MODERATE SPAN: Their Con- 
struction and Erection. By H. W. Pendred, With 40 illustrations. 

Crown Svo, cloth ... ... ... ... ... 2S. 

BRIDGES, OBLIQUE. A Practical and Theoretical Essay. 
With 13 large Plates. By the late Gisorge Watson Buck, M.Inst.C.E. 
FourthTdition, revised by his Son, J. li. Watson Buck, M.Inst.C.E.; 
and with the addition of Description to Diagrams for Facilitating the 
Construction of Oblique Bridges, by W. PI. Barlow, M.Inst.C.E. Royal 
Svo, cloth I 3 S. 

BRIDGES, TUBULAR AND OTHER IRON GIRDER. 

Describing the Britannia and Conway Tubular Bridges. With a Sketch 
of iron Bridges, Etc. By G. D. Dempsey, C.E. Crown Svo, cloth 2s. 

CALCULATOR (NUMBER, WEIGHT AND FRAC< 

TIONAL). Containing upwards of 250,000 Separate Calculations, show- 
ing at a Glance the Value at 422 Different Rates, ranging from yj^th of a 
Penny to 20s, each, or per cwt., and £20 per ton, of any number of 
articles consecutively, from i to 470. Any number of cwts., qrs., and lbs., 
from I cwt. to 470 cwts. Any number of tons, cwts., qrs,, and lbs., from 
I to 1,000 'tons. By William Cpiadwjck, Public Accountant. Fourth 
Edition”, Revised and Improved. Svo, strongly bound i8s. 

CALCULATOR (WEIGHT). Being a Series of Tables upon a 
New and Comprehensive Plan, exhibiting at one Reference the exact 
Value of any Weight from i lb. to 15 tons, at 300. Progressive Rates, 
from id. to 168.L per cwt, and containing 186,000 Direct Answers, which, 
with their Combinations, consisting of a single addition (mostly to be 
performed at sight), will afford an aggregate of 10,266,000 Answers ; the 
whole being calculated and designed to ensure correctness and promote 
despatch. By Henry Harben, Accountant Sixth Edition, carefully 
Corrected. Royal Svo, strongly half-bound £155. 
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CHAIN CABLES AND CHAINS. Comprising Sizes and 
^ Curves of Links, Studs, Etc., Iron for Cables and Chains, Cable 

and Chain Making, forming and Welding Links, Strength of Cables ana 
Chains, Certificates for Cables, Marking Cables, Prices of Chain Cables 
and Chains, Etc., Etc. By Thomas W. Traill, F.E.R.N., M.Inst.C.L., 
Engineer- Surveyor-in- Chief, Board of Trade, etc. tWith numerous .tables, 
Illustrations, and Lithographic Drawings. Folio, cloth ••• 

CIVIL ENGINEERING. By Henry Law, M.Inst.C.E Includ- 

ing a Treatise on Hydraulic Engineering by G. R. BURNELL, M.Inst.C.L, 
Seventh Edition, Revised, with Large Additions on Recent Practice ly 
D. Kinnear Clark, M.Inst.C.E, Crown 8vo, cloth •.* 

COKE— MODERN COKING PRACTICE. Including the 

Analysis of Materials and Products. A handbook for those engaged 
or interested in Coke IManufacture with recoverv of Bye-Products. B)^ 
T. H. Byrom, F.I.C., F.C.S., Mem. Soc. Chem. Industry ; Chief Chemist 
to the Wigan Coal and Iron Co. ; Author of “The Physics and Chemistry 
of Mining”; and J. E. Christopher, Mem. Soc. Chem. Industry. 
1 68 pp., with numerous Illustrations. Demy 8vo, cloth, 

published. Net 8s, 6d. 

COMPRESSED AIR WORK AND DIVING. A Handbook 

for Engineers, comprising Deep Water Diving and the use of Compressed 
Air for Sinking Caissons and Cylinders and for Didving Subaqueous 
Tunnels. By G. W. M. Boycott, Assoc. M.I nst.C.E, With numerous 
Plates and other Illustrations. Medium 8vo, cloth. ... Net los. 6 d. 

Stage Decompression — The Common Diving Dress and Helmet — Rouquayrol- 
Denavrouze Apparaths — Pleuss Dress — ^The Diving Bell — Pumps — Pneumatic Carsons 
AND Cylinders — Tunnelling — Blackwall and Rotherhithe Tunnels — East River 
Tunnels, New York — Rock Blasting— Air Compressors. 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION, 

their Materials and Manufacture. The Calculation of Circuits, Pole-line 
Construction, Underground Working, and other Uses. By F. A. C. 
Perrine, A.M., D.Sc., Mem.Am.Inst.E.E. Medium 8vo, 300 pp., fully 
illustrated ... Net 305 - 

CONTINUOUS RAILWAY BRAKES. A Practical Treatise 

on the several Systems in Use in the United Kingdom, their Construction 
and Performance. B}’" M. Reynolds. Svo, cloth ... ... 9s. 

CRANES, the Construction of, and other Machinery for Raising 
Heavy Bodies for the Erection of Buildings, Etc. By J, Glynn, F.R.S. 
Crown 8vo, cloth ... ... is. 6d. 

CRUSHING AND GRINDING MACHINERY PRAC^ 

TICE. — A Handbook on the Machinery used in Crushing and Grinding 
Operations on all classes of materials, including also a Glossary of 
Technical Terms and Bibliography. By Thos. G. Marlow, Grinding, 
Drying, and Separating Machinery Specialist; Author of “Drying 
Machinery and Practice.” With numerous Tables, Plates, and Illus- 
trations. ’ [A/ the press. 

CURVES. TABLES OF TANGENTIAL ANGLES AND 

MULTIPLES. For Setting-out Curves from 5 to 200 Radius. By 
A. Beazeley, M.Inst.C.E. Seventh Edition, Revised. With an 
Appendix on the use of the Tables for Measuring up Curves. Printed 
on 50 Cards, and sold in a cloth box, waistcoat-pocket size... 3s. 6d. 



DRAINAGE OF LANDS, TOWNS AND BUILDINGS. 

By G. D. Dempsey, C.E. Revised, with Large Additions on Recent 
Practice in Drainage Engineering by D. KiNNEAR Clark, M.Inst.C.E. 
Fourth Edition. Crown 8vo, cloth 4s. 6d. 

DRYING MACHINERY AND PRACTICE. A Flandbook 

on the Theory and Practice of Drying and Desiccating, with Classified 
Description of Installations, Machinery, and Apparatus, including also 
a Glossary of Technical Terms and Bibliography. By Thomas G. 
Marlow, Grinding, Drying, and Separating Machinery Specialist. 
340 pages, with 173 Illustrations, and numerous tables. Medium 8vo, 
cloth ... ... ... ... ... \Jitst PnbHskcd. Net. 12s. 6d- 

DRYING PROCESSES AND PATENTS.— A Comple- 
mentary volume to “Drying Machinery and Practice.” By Tt-ios. G. 
Marlow. Describing the various Drying Processes as applied to 
Sundry Materials ; also a Classified Summary of the Patents connected 
with Drying Processes and Apparati. \In the press, 

DYNAMIC ELECTRICITY AND MAGNETISM, ELE^ 

MENTS OF* A I-landbook for Students and Electrical Engineers. 
By Philip Atkinson, A.M., Ph.D. Crown 8vo, cloth, 417 pp., with 
T20 Illustrations los. 6cl. 

DYNAMO BUILDING. HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. By A. Crofts. Crown 8 vo, cloth. 25. 
DYNAMO ELECTRIC MACHINERY. Its Construction, 

Design and Operation. In Two Volumes (Sold separately). 

Vol. I.— DIRECT CURRENT MACHINES* By Samuef. Sheldon, 
A.M., Ph.D., assisted by PIobart Mason, B.S., E.E. Seventh Edition, 
Revised. Large crown 8vo, cloth. 2S8 pp., 202 Illustrations. 12s. Net. 

VoL I L— ALTERNATING CURRENT MACHINES* By Samuel 
Sheldon, A.M., Ph.D., and Hobart Mason, B.S., E.E., and Erich 
Hausmann, B.S., E.E. Eighth Edition, Completely Rewritten. Large 
crown 8vo, cloth. 366 pp., with 236 Illustrations, 12s. Net, 

DYNAMO MANAGEMENT. A Handybook of. Theory and 

Practice. For the use of Mechanics, Engineers, Students, and others 
in charge of Dynamos. By G. W. Lummis-Paterson, Electrical 
Engineer. Fourth Edition, Revised and Enlarged.. 300 pp., with 117 
Illustrations. Crown 8vo, cloth ... ... ... ... Net 6 ^, 

DYNAMO. MOTOR. AND SWITCHBOARD CIRCUITS 

FOR ELECTRICAL ENGINEERS* A Practical Book dealing with 
the subject of Direct, Alternating, and Polyphase Currents. By 
Wm. R. Bowker, Consulting Electrical and Street Railway Engineer, 
Prof, of Physics in the University of Southern California. Second Ed., 
Revised. Medium 8vo, cloth. With Diagrams Net 7s, 6d. 

DYNAMOS (ALTERNATING AND DIRECT CUR- 

RENT)* A Text-book on their Construction for Students, Engineer- 
Constructox's and Electricians-in-Charge. By Tyson Sewell, A.M.LE.E,, 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, 
Regent Street. 328 pp., with over 230 Illustrations. Large crown 8vo, 

cloth Net 75. 6d* 

Fundamental Pkinciples or Direct Currents—The Magnetic Field— The Produc- 
tion of an Electro-motive Force— Fundamental Princivles of Alternating Currents — 
The Alternating Magnetic Field— The Capacity of the Circuit — Bipolar Dynamo 
Construction — Theory of Bipolar Machines— Bipolar Dynamo Design — Multipolar 
Dynamo Construction— Multipolar Dynamo Design— Single. Phase Alternators— Con- 
struction OK Alteknatoks — Polyphase Alternators — Exciting, Compounding and 
Synchronising of Alternators. 


earthwork diagrams. These Diagrams or Scales have 

been designed with the intention of reducing the labour connected with 
the computation of earthwork quantities, and especially those of railways 
and roads. By R. A. Erskine-Murray, A.M.Inst.C.E., and Y. D. 
Kirton, A.M.Can.Soc.C.E. On a sheet in a roll, net or mounted 
on card, net 7s. 6d. 

EARTHWORK MANUAL. By Alex. J. Graham, C.E. Whh 
numerous Diagrams. Second Edition. 1 8m o, cloth .. as. 6d. 

earthwork tables. Showing the Contents in Cubic Yards 

of Embankments, Cuttings, d:c., of Heights or Depths up to an average 
of 80 feet. By Joseph Broadbent, C.E., and Francis Campin, C.E. 
Crown 8 vo, cloth 5s. 

EARTHWORK TABLES, HANDY GENERAL. Giving 

the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches to 80 feet in Depth or Height, for use with 
either 66 feet Chain or 100 feet Chain. By J. H. Watson Buck, 
M. Inst. C.E. On a Sheet mounted in cloth case ... ... 3s. 6d. 

ELECTRIC LIGHT. Its Production and Use. By J. AV. Urquhart. 

Crown 8 VO, cloth ... ... ... ... ... ... ... dd. 

ELECTRIC LIGHT FITTING. A Handbook for AVorking 
Electrical Engineers. By J. W. Urquhart. Crown 8 vo, cloth 5s. 

ELECTRIC LIGHT FOR COUNTRY HOUSES. A Prac- 

tical Handbook, including Particulars of the Cost of Plant and AA^orking. 
By J. H. Knight. Crown Svo, wrapper is. 

ELECTRIC LIGHTING* By Alan A. Campbell Swinton, 
M. Inst, C.E., M.l.E.E. Crown Svo, cloth ... ... ... is. dd. 

ELECTRIC LIGHTING AND HEATING* A POCKET 

BOOK* Comprising useful Forniuke, Tables, Data, and Particulars 
of Apparatus and Appliances for the Use of Central Station Engineers, 
Contractors, and Engineers- in- Charge. By Sydney F. Walker, R.N., 
M.I.E.E., M.I.M.E., A.M.Inst.C.E., Etc. F^cap Svo, 448 pp., 270 
Diagrams, and 240 Tables 

ELECTRIC POWER CONDUCTORS* By AYm. A. Del Mar, 

A.C.G.I., Assoc. Mem. A.LE.E., Assoc. I.E.E, Large crown Svo, cloth. 
336 pages, with numerous illustrations. Just published. Net 9s. 

Mai’kriai-s .^.nd Gauges— Te.sting Wire and Cable— Electrical Properties- Installa- 
'ITGN — In.sulation and Insulated Conductors— Depreciation and Deterioration— 
I'lKTKKMINA'TION OF Sl/SE FOR GIVEN VOLTAGE DrOB AND PoWER LOSS — ^ThIRD RaIL CIRCUITS 

• -Detishmination of Size for given Stress in Sp.^ns— Rail Bonds— Specifications — 
M’aulk.s of Inouct.ance, Reactance, .and Capacitv, &c. 

ELECTRIC SHIPTIGHTING. A Handbook on the Practical 
Fitting and Running of Ship’s Electrical Plant. By J. W. Urquhart. 
Crown 8vo, cloth ... 7s. < 5 d. 

ELECTRIC WIRING, DIAGRAMS AND SWITCH^ 

BOARDS* By Newton Harrison, E.E., Instructor of Electrical 
Engineering in the Newark Technical School. Crown Svo, cloth N'et 55. 
Thk Beoinning of WiiiiNG — C alculating the Size of Wire — A Simple Electric Light 
Circuit' Calculated— Estimating the Mains, Feeders, and Branches— Using the Bridge 
p'ou Tissting — The Insulation Resi.stancb — Wiring for Motors — Wiring with Cleats, 
Mout.iJiNG AND Conduit — Laving-out a Conduit System— Power Required for Lamps— 
Luhiting of a Room — Switchiioards and their Purpose-Switchboards Designed for 
Shunt and Compound-Wound Dynamos — Panel Switchboards, Street Railway Switch- 
boards, Lightning Akrk:sters— The Gi?ound Detector— Locating Ground.s — Alternating 
Current Cit-.cuits- The Power Factor ik Circuits— Calculation of Sizfs of Wire for 

SxNGl.E, Two AND ThREE PHA.SE CIRCUITS. 


ELECTRICAL AND MAGNETIC CALCULATIONS. 

For the use of Electrical Engineers and Artisans, Teachers, Students, 
^ and all others interested in the Theory and Application of Electricity and 

Magnetism. By A. A. Atkinson, M.S., Professor of Physics and 
Electricity in Ohio University, Athens, Ohio. Crown 8vo, cloth Net ps. 

ELECTRICAL CALCULATIONS (ELEMENTARY). A 

Manual of Simple Engineering Mathematics, covering the whole field 
of Direct Current Calculations, the Basis of Alternating Current 
Mathematics, Networks and Typical Cases of Circuits, with Appendices 
on Special Subjects. By T. O^CONOR Sloane, A.M., E.M., Ph.D., 
Author of “The Standard Electrical Dictionary.^^ Large Crown 8vo, 

cloth, 314 pp. with Diagrams. \Jnst Published. Net gs. 

Exponential Notation — Mechanics and Physics Ohm’s Law — Resistance ~ 
Kirchhokf’s Laws— Arrangement of Batteries— Electrical Energy and Power— Bases 
AND Relations of Electrical Units — Thermo-Electricity — Electro-Chemistry— Fields 
OF Force — Magnetism — Electro-Magnetic Induction — Capacity and Inductance- 
Hysteresis AND Forcault Currents— Alternating Current— Networks — Demonstrations 
BY Calculus. 

ELECTRICAL DICTIONARY* A Popular Encyclopaedia of 
Words and Terms used in the Practice of Electrical Engineering. 
By T. O’Conor Sloane, A.M., E.M., Ph.D. Fourth Edition, with 
Appendix. 690 pages and nearly 400 Illustrations. Large Crown Svo, 
cloth Net 7s. 6d. 

ELECTRICAL ENGINEERING. A First-Year’s Course for 
Students. By Tyson Sewell, A.M. I. E.E., Lecturer and Demonstrator 
in Electrical Engineering at the Polytechnic, Regent Street, London. 
Fourth Edition, Revised, with Additions. Large Crown Svo, cloth. 

' 462 pp., with 278 Illustrations Net 5s. 

Ohm’s Law— UN rr.s Employed in Electrical Engineering— .Seru-ls and Parallel 
C1RCUIT.S— Current Density and Potential Drop in this Circuit— The Heating Effect 
OF THIS Electric Current — This Magnetic Effect of an Er.Kcriac Curkiint — The 
Magnetisation of Iron— Electro Chemistry— I^rim ‘ ■ 

Inihcating Instruments— Ammeters, Voltmeters, ■ . ■ 

Meters— Measuring Instrument.s, and the Measurisn ■ 

Mea.sukement p— 'Dri-rr—vYc:';. C (Current Strength, and Perme- 

aihlity— Arc D :: vv : 

MicTRY— T he C ::" : ' :: r.t : v i • ■ ■ 

CURRF,NT.S— TkANSFORMER.S, ALTERNATORS, SYNCHRONOUS 'll ■ ’ • . ■ ; 

Appendix L, ’L'iie Three Wire System— Appendix' IL, Questions and An.swers. 

Distinctly one of the best books for those commencing ^the study of electrical engineering, 
Everything is expLained in simple language which even a beginner cannot fail to understand.’^ — 
T/ic Engineer. 

ELECTRICAL ENGINEERING (ELEMENTARY). In 

Theory and Practice. A Class Book for Junior and Senior Students and 
Working Electricians. By J. PL Ai^EXANDER. With nearly 200 illustra- 
tions. Crown Svo, cloth Net 3s. 6d. 

if-1 ■ra..,,. — -Electrical Currents — Solenoid Coil.s, Galvanometers. 

Y " ■ '■ . ! .■ TRUMKNT.s — Alternating Currents — Dynamo Electric 

i : , ‘ ■ V ■ ■ .Dynamo.s— Induction, Static Transformer.s, Converters— 

Motors — Primary and Storage Cells— Arc Lamps — Incandescent Lamps — Switches 
Fuses, etc. — Conductor.s and Cables — Electrical Energy Meters — SrECiFiCATiON.s — 
'Generation and Transmission of Electrical Knicrgy— Generating Stations. 

ELECTRICAL ENGINEERING, GENERAL LECTURES 

ON. By C. Proteus Steinmictz, A.M., Ph.D. Third edition, com- 
piled and edited by J. Leroy PIayden. 284 pages, with Diagrams. 
Medium Svo, cloth \,Just Published. Net 8s. 6d. 

ELECTRICAL ENGINEERING. See Alternating Currents. 
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ELECTRICAL TRANSMISSION, OF ENERGY. A 

Manual for the Design of Electrical Circuits. By Arthur Vaughan 
Abbott, C.E., Member American Institute of Electrical Engineers, 
etc. Fourth Edition, Rewritten and Enlarged, with numerous Tables, 
Plates, and other Illustrations. Royal 8vo, 700 pages. Strongly bound 
in cloth Net 30s. 

ELECTRICAL TRANSMISSION OF ENERGY— THREE 

PHASE TRANSMISSION. A Practical Treatise on the Economic 
Conditions governing the Transmission of Electric Energy by Under- 
ground and Overhead Wires. By William Brew, M.I.E.E., Late 
Consultant Assistant, Dublin Corporation Electricity Supply. 

\l 7 i the press. 

ELECTRICITY AS APPLIED TO MINING* By Arnold 

Lupton, M.Inst.C.E.p M.LMech.E., M.I.E.E, late Professor of Coal 
Mining at the. Yorkshire College, Victoria University; G. D. ASPINALL 
Parr, M.I.E.E., A.M.I.Mech.E., Head of the Electrical Engineering 
Department, Yorkshire College, Victoria University; and HERBERT 
Perkin, M.I.M.E., Assistant Lecturer in the Mining Department of the 
Yorkshire College, Victoria University. Second Edition, Revised and 
Enlarged, medium 8vo, cloth, 300 pp.,with about 170 illustrations. Net 1 3ss. 

INTRODUCTORY — DYNAMIC ELECTRICITY — ^DRIVING OF THE DyNAMO — ThE StEAM TuRBINE 

Distribution of Electrical Energy — Starting and Stopping Electrical Generators and 
Motors — Electric Cables — Central Electrical Plants —Electricity Applied to 
Pumping and Hauling— Electricity Applied to Coal Cutting— Typical Electric Plants 
RECENTLY ErECTED — ELECTRIC LIGHTING BY ARC AND GlOW LaMPS— MISCELLANEOUS APPLICA- 
TIONS OF Electricity— Electricity as Compared with other 'Modes of Transmitting 
Power — Dangers of Electricity. 


ELECTRICITY IN FACTORIES AND WORKSHOPS ? 

ITS COST AND CONVENIENCE. A Handyboolc for Power 
Producers and Power Users. By A. P. Haslam, M.I.E.E. 32S pp., with 

numerous Illustrations. Large crown 8vo, cloth Net ys. 6d. 

The Electric Motor and Its Accessories — The Direct Current Motor — The 
Alternating Current Motor— The Starting and Speed Regulation of Electric 
Motors— The Rating and Efficiency of Electric Motors— The Provision of Electric 
Energy— The Cost of Energy as Affected by Conditions of Working — The Question 
FOR the Small Power User— Independent Generating Plants— Oil and Gas Enginis 

Plants— Independent Generating Plants— Steam Plants— Power St.^tion Tariffs The 

Applications of Electric Power— The Use of Electric Power in Textile Factorie.s — 
Electric Power in Printing Works— The Use of Electric Power in Engineering 
Workshops— Miscellaneous Applications of Electric Power— The Installation oj-' 
Electric Motors— The Lighting of Industrial Establishments. 


ELECTRICITY. A STUDENTS TEXT^BOOK. ByH.M. 

Noad, F.R.S. 650 pp., 470 illustrations. Crown 8vo ps. 

ELECTRICITY, POWER TRANSMITTED BY, AND 

APPLIED BY^ THE ELECTRIC MOTOR^ including Electric Railway 
Construction. By Philip Atkinson, A.M., Ph.D., author of Elements 
of Static Electricity.” Fourth Edition, Enlarged, Crown Svo, cloth, 
224 pp., with over 90 nllustrations Net 9s. 


ELECTRO^PLATING AND ELECTRO^REFINING OF 

METALS. Being a new edition of Alexander Watt’s “ Electro-IOe- 
position” Revised and Largely Re-written by Arnold Pi-iilip, 
Assoc. R.S.M., B.Sc., A.I.E.E., F.I.C., Principal Assistant to the 
Admiralty Chemist, formerly Chief Chemist to the Engineering Depart- 
ments of the India Office. 700 pp., with numerous Illustrations, Large 
Crown Svo, cloth JSfet 12s. 6d- 


ENGINEERING DRAWING* A WORKMAN'S 

MANUAL* By John Maxton, Instructor in Engineering' Drawing, 
Koyal Naval College, Greenwich. Eighth Edition. 300 Plates and 
Diagrams. Crown 8vo, cloth ... ... ... ... ... 3s. 6d. 

ENGINEERING ESTIMATES, COSTS, & ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of 
Estimates and Costs of Millwright Work, Miscellaneous Productions, 
Steam Engines and Steam Boilers ; and a Section on the Preparation of 
Costs Accounts. By A General Manager. Second Edition. 8vo, 
cloth 1 3 S. 

ENGINEERING PROGRESS ( 1863 ^ 6 )* By Wm. Humber, 

A.M.Inst.C.E. Complete in Four Vols. Containing 148 Double Plates, 
with Portraits and Copious Descriptive Letterpress. Imperial 4to, halt 
morocco. Price, complete, £12 I2S. ; or each volume sold separately at 
£3 3s. per Volume. Descriptive List of Contents on application. 

ENGINEER'S AND MILLWRIGHT'S ASSISTANT, A 

Collection of Useful Tables, Rules, and Data. By William Templeton. 
Eighth Edition, with Additions. 181110 cloth ... 25. < 5 d. 

ENGINEER'S HANDBOOK* A Practical Treatise on Modern 
Engines and Boilers, Marine, Locomotive, and Stationary. And contain- 
ing a large collection of Rules and Practical Data relating to Recent 
Practice in Designingand Constructing all kinds of Engines, Boilers, and 
other Engineering* work. The whole constituting a comprehensive Key 
to the Board of Trade and other Examinations for Certificates of Com- 
petency in Modern Mechanical Engineering. By Walter S. Hutton, 
Civil and Mechanical Engineer, Author of ‘‘The Works^ Manager's 
Handboc\ ■ F ■ ■■’ ' , etc. With upwards of 420 Illustrations. Sixth 
Edition, s'- v. I . ilarged. Medium 8vo, nearly 560 pp., strongly 
bound ... ... ... 1 8s, 

“ A mass of information set down in simple language, and in sucli a form that it can be easily 
referred to at any time. The matter is uniformly good and well chosen, and is greatl}^ elucidated by 
the illustrations. The hook will find its way on to most engineers’ shelves, where it will rank as 
one of the most useful books of reference.”— Practical Engineer. 

“ Full of useful information, and should be found on the office shelf of all practical engineers,” — 
Eng;lick Mechanic, • 

ENGINEER'S, MECHANIC'S, ARCHITECT'S, 

BUILDER'S, ETC*, TABLES AND MEMORANDA. Selected and 
Arranged by I^'RANCIS Smith. Seventh Edition, Revised, including 
Electrical Tables, FormuL/E, and Memoranda. Waistcoat-pocket 
size, limp leather is. 6d* 

ENGINEER'S YEAR-BOOK FOR 1910 * Comprising For- 
mula, Rules, Tables, Data and Memoranda. Forming a Compendium 
of the Modern Practice of Civil, Mechanical, Electrical, Marine and Mine 
tr*,- K empe, M.Inst.C.E., Electrician to the Post 
, Principal Staff Engineer, Engineer-in-ChiePs Office, 
General Post Office, London, Author of “A Handbook of Electrical 
Testing,” “ The Electrical Engineer’s Pocket-Book,” etc. 1,200 pages. 
With 1,000 Illustrations, specially Engraved for the work. Crown Svo, 
leather ... ... ... ... ... ... [Just published. 8s. 

“ Kcmne’.s Year-Book really requires no commendation. Its sphere of usefulness i.s widely 
known, and it is used by engineers the world ovarP—T/ic Engineer. _ 

“The volume is distinctly in advance of most similar publications in this country.’’ — Engineering. 
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ENGINEMAN'S POCKET COMPANION, and Practical 

Educator for Enginemen, Boiler Attendants, and Mechanics. By 
Michael Reynolds. With 45 Illustrations and numerous Diagrams. 
Fifth Edition. Royal i8mo, strongly bound for pocket wear 33 

EXCAyATION (EARTH AND ROCK). A Practical 

Treatise, by CHARLES Prelint, C,E. 365 pp., with Tables, many 
Diagrams and Engravings. Royal 8 vo, cloth ... ... 

FACTORY ACCOUNTS* Their Principles and Practice. A 
Handbook for Accountants and Manufacturers. By Garcke E, and 
J. M. Fells. Crown 8vo, cloth ... 5^ 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With a 

History of Fire-Engines, their Construction, Use, and Management. 
Hints on Fire-Brigades, &c. By C. F. T. YouNCx, C.E. Svo, cloth 

FOUNDATIONS AND CONCRETE WORKS, "^wlth 

Practical Remarks on Footings, Planking, Sand and Concrete, Beton 
Pile-driving, Caissons, and Cofferdams, By E. Dobson. Crown Svo. ^ 

FUEL, ITS COMBUSTION AND ECONOMY. Consistfng 

of an Abridgement of A Treatise on the Combustion of Coal and the 
Prevention of Smoke.” By C. W. Williams, A.InstC.E. With exten- 
sive Additions by D. Kinnear Clark, M.Tnst.CE. Fourth Edition. 
Crown Svo, cloth 3 b 

FUELS j SOLID, LIQUID, AND GASEOUS. Their An alysii 

and Valuation. For the Use of Chemists and Engineers. By H. J. 
Philijps, F.C.S., formerly Analytical and Consulting Chemist to the 
Great Eastern Railway. Fourth Edition. Crown Svo, cloth 3s od 

GAS AND OIL ENGINE MANAGEMENT, A Practical 

Guide for Users and Attendants, being Notes on Selection, Construction 
and Management. By M. Powis Bale, M.InstC.E., M.I.Mech.E., 
Author of “Woodworking Machinery,” etc. Second Edition, with an 
additional Chapter on Gas Producers. Crown Svo, cloth A^et 3s. 6 d. 
Selecting and Fixing a Gas Engine^Pkinciple of Working, etc. — Failures and 
Defects— Valves, Ignition, Piston Rings, etc.— Oil Engines— Gas Producers — Rules 
Tables, etc. ’ 

GAS^ENGINE, A HANDBOOK ON THE. A Practical 

Treatise on the Design, Construction, an'"’ R- :■"* ■ , T ' ‘ ■ al Combus- 
tion Engines. For the Use of Engine 1 », Draughts- 

men, Engineering Students, Users of Gas Engines, and others. By 
PIerman PIaeder, Civil Engineer, Wiesbaden. Translated from the 
German, with the addition of numerous Useful Tables and other Matter, 
by William M. I-Iuskisson, A.M.l.E.E. (8^ years with Messrs. Crossley 
Bros., of Openshaw). About 200 pages, with 500 Illustrations and 
Tables. Small 4to. [In prewar 

GAS ENGINEER'S POCKET-BOOK. Comprising Tables, 

Notes and Memoranda relating to the Manufacture, Distribution, and 
Use of Coal Gas and the Construction of Gas Works. By H. O’Connor, 
A.M. Inst. C.E. Third Edition, Revised. Crown Svo, leather 

A^e^ I os. 6d. 

GAS-ENGINE HANDBOOK. A Manual of Useful Information 
for the Designer and the Engineer. By E. W. Roberts, M.E. With 
Forty Full-page Engravings. Small F’cap. Svo, leather Nel 8 s. 6 d. 
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GAS^ENGINES AND PRODUCER^GAS PLANTS* A 

Treatise setting forth the Principles of Gas Engines and Producer 
Design, the Selection and Installation of an Engine, the Care of Gas 
Engines and Producer-Gas Plants, with a Chapter on Volatile Hydro- 
carbon and Oil Engines. By R. E. Mathot, M.E. Translated from 
the French. With a Preface by Dugald Clerk, M.Inst.C.E., F.C.S. 
Medium 8vo, cloth, 310 pages, with about T50 Illustrations Net I3S. 

Motive Powek and Cost ok Installation— Selection of an Engine— Installation 
OF AN Engine — Foundation and Exhaust — Water Circulation— Luhrication — Conditions 
OF Perfect Operation — How to S'Part an Engine — Precautions— Perturbations in the 
Operation of Engines— Producer-Gas Engines— Producer-Gas— Pressure Gas-Producers 
— Suction Gas-Producers— Oil and Volatile Hydrocarbon Engines— The Selection 
OF AN Engine. 

GAS ENGINES. With Appendix describing a Recent Engine with 
Tube Igniter. By T. M. Goodeve, M.A. Crown 8vo, cloth 2 S. 

GAS ENGINES* See also Internal Combustion Engines. 
GAS LIGHTING. See also Acetylene. 

GAS LIGHTING FOR COUNTRY HOUSES. Petrol 

Air Ga.s. 

GAS MANUFACTURE, CHEMISTRY OF. A Practical 

Manual for the Use of Gas Engineers, Gas Managers and Students. By 
PIarold M. Royle, F.C.S. , Chief Chemical Assistant at the Beckton 
Gas Works. Demy 8vo, cloth. 340 pages, with numerous Illustrations 
and Coloured Idate Net 12s. 6d. 

Preparation of Standard Solutions — Analysis of Coals— Description of Various 
Types of Furnaces— Products of Carbonisation at Various Temperatures— Analysis of 
Crude Gas— Analysis of Lime— Analy.sis of Ammoniacal Liquor— Analytical Valuation 
(»F Oxide of Iron— Estimation of Naphtiiai.in— Analysis of Fire-Bricks and Fire-Clay 
— Art of Photometry- Carburetteu Water Gas -Appendix containing Statutory and 
Official Regulations for Testing Gas, Valuable Excerpts from various imj'ortant 
Papers on Ga.s Chemistry, Useful Tables, Memoranda, etc. 

GAS WORKS* Their Construction and Arrangement, and the 
Manufacture and Distribution of Coal Gas. By S. HUGHES, C,E. Ninth 
Edition. -Revised, with Notices of Recent Improvements, by FIenry 
O’Connor, A.M. Inst. C.E. Crown Svo, cloth .. <Ss. 

GEOMETRY* For the Architect, Engineer, and Mechanic. By 
E. W. Tarn, M.A. , Architect. Svo, cloth .. 9^* 

GEOMETRY FOR TECHNICAL STUDENTS* By E. H. 

Sprague, A.M.Inst.C.E. Crown 8vo, cloth ... Net is* 

GEOMETRY OF COMPASSES* By Oliver Byrne. Coloured 

Plates. Crown Svo, cloth 3s. dd. 

GUNNERY* See Recoil of Guns. ■ 

HEAT, EXPANSION OF STRUCTURES BY* By John 

Keily, C.E. Crown Svo, cloth 3s. 6d. 

HOISTING MACHINERY* Including the Elements of Crane 
Construction and Descriptions of the Various Types of Cranes in Use, 
By JosEPii Horner, A.M.I.M.E. Crown Svo, cloth, with 215 Illustra- 
tions, including Folding Plates ... Net 7s. < 5 d. 

HYDRAULIC MANUAL* Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Plydraulic Calculations and 
Field Operations. By Lowis D’A. Jackson. Fourth Edition, Enlarged. 
Large Crown Svo, cloth 1 6s. 



CJWSBY LOCKWOOD SON'S CATALOGUE. 


14 


HYDRAULIC POWER ENGINEERING. A Practical 

Manual on the Concentration and Transmission of Power by Hydraulic 
Machinery. By G. CROYDON Marks, A.M.Inst.C.E. Second Edition, 
Enlarged, with about 240 Illustrations. ^Svo, cloth ... Net los. 6d. 

summary of contents : — Principles of Hydraulics— The Flow of Water- 
Hydraulic Pressures -Material — Test Load— Packing for Sliding Surfaces — Pipe Joints 
— Controlling Valves— Platform Lifts— Workshop and Foundry Cranes— Ware^house 
AND Dock Cranes— Hydraulic Accumulators— Presses for Baling and other Purposes— 
Sheet Metal Working and Forging Machinery— Hydraulic Riveters— Hand and Power 
Pumps — Steam Pumps — Turbines— Impulse Turbines— Reaction Turbines — Design of 
Turbines in Detail— Water Wheels— Hydraulic Engines — Recent Achievements— 
Pressure of Water— Action of Pumps, etc. 

HYDRAULIC TABLES, CO^EFFICIENTS, AND 

FORMULi®. For Finding the Discharge of Water from Orifices, 
Notches, Weirs, Pipes, and Rivers. With New Formulae, Tables, and 
General Information on Rainfall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, C.E., 
M.R.I.A: Third Edition, Revised, with additions. Numerous Illustra- 
tions. Crown 8vo, cloth ... ... |^s, 

INTERNAL COMBUSTION ENGINES* Their Theory, 

Construction, and Operation. By Rolla C. Carpenter, 

LL.p., and H. Diederichs, M.E., Professors of Experimental Engi- 
neering, Sibley College, Cornell University, Sio pages, with 373 Illus- 
trations. Medium 8vo, cloth ... ' ... 

Introduction, Definitions and Classifications, Indicated and Brake Horse-power— 
Thermodynamics of the Gas Engine — Theoretical Comparison of Various Types" of 
Internal Combustion Engines — The Various Events of the Constant-Volume and 
Constant-Pressure Cycle as Modified by Practical Conditions— The Temperature 
Entropy Diagram Applied to the Gas Engine— Combustion — Gas-Engine Fuels, the 
Solid Fuels, Gas Producers— The Gas-Engine Fuels, Liquid Fuels, Carbureters’ and 
Vapuriseks— Gas-Engine Fuels, the Gas Fuels, the Fuel Mixture Explosibility, Pres- 
sure and Temperature— The History of the Gas Engine— Modern Types of Internal 
Combustion Engines — Gas Engine Auxiliaries, Ignition, Mufflers, and Starting 
Apparatus— Regulation of Internal Combustion Engines — The Estimation of Power 
OF Gas Engines— Methods op Testing Internal Combustion Engines — The Performance 
OF Gas Engines and Gas Producers— Cost of Installation and of Operation. 


IRON AND METAL TRADES COMPANION* For Ex- 
peditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from u. per cwt. to 1 12.?. per cwt., and from one farthing per 
pound to one shilling per pound. By Thomas Downie. Strongly 
bound in leather, 396 pp 

IRON AND STEEL* K Work for the Forge, Foundry, Factory, 
and Office. Containing ready, useful, and trustworthy Information for 
Ironmasters and their Stock-takers ; Managers of Bar, Rail, Plate, and 
Sheet Rolling Mills ; Iron and Metal Founders ; Iron Ship and Bridge 
Builders ; Mechanical, Mining, and Consulting Engineers ; Architects, 
Contractors, Builders, etc.^ ^ By Charles Hoare, Author of “The 
Slide Rule,” etc. Ninth Edition. 32mo, leather ... <55, 

IRON AND STEEL CONSTRUCTIONAL WORK, as 

applied to Public, Pi‘ivc?te, and Domestic Buildings. By Francis 
Campin, C.E. Crown Svo, cloth " 3s. <5(j, 

IRON AND STEEL GIRDERS* A Graphic Table for Facili- 
tating the Computation of the Weights of Wrought Iron and Steel 
Girders, etc., for Parliamentary and other Estimates. By J. H. Watson 
Buck, M.Inst.C.E. On a Sheet 35, <5^1^ 



IRON'PLATE WEIGHT TABLES. For Iron Shipbuilders, 

Engineers, and Iron Merchants. Containing the Calculated Weights of 
upwards of 150,000 different sizes of Iron Idates from i ft. by 6 in. by 
J in. to 10 ft by 5 ft by i in. Worked out on the basis of 40 lbs. to the 
square foot of Iron i in. in thickness. By PI. BuRLiNSON and W. H. 
Simpson. 4to, half-bound 5s. 

IRRIGATION (PIONEER). A Manual of Information for 
Farmers in the Colonies. By E. O. Mawson, M.InstC.E,, Executive 
Engineer, Public Works Department, Bombay. With Chapters on Light 
Railways by E. R. Calthrop, M.InstC.E., M.I.M.E. With Plates and 

Diagrams. Demy 8vo, cloth ... Net los. 6d. 

V.\LUE OF Irrigation, and Sources oii* Water vSi’im'i.y — Dams and Weir.s — Canals — 
Underground Water — Methods of Irrigation — Sewage Irrigation — Imi'erial Automatic 
Sluice Gates— The Cultivation of Ihrigatki) Cuors, Vegetaulils, and Fruit Trees— 
Light Railways for Heavy Traffic — Useful Memoranda and Data. 

LATHE PRACTICE. A Complete and Practical Work on the 
Modern American Lathe. By Oscar E. Perrigo, M.E., Author of 
“ Modern Machine Shop Construction, Equipment, and Management,” 
etc. Medium 8vo, 424 pp., 315 illustrations. Cloth ... Net \:zs. 
History OF the Lathe up to the Introduction of Screw Threads — Its Development 
since the Introduction of Screw Threads — C t.ASHiKiCATTON of Lathes— Lathe Design . 
THE Bed and its Supports— The Head-Stock Casting, the Spindle, and Spindle-conk — The 
Spindle Bearings, the Back Geails, and the Tkiple-Gear Mechanism— The Tail Stolr., 
THE Carriage, the Apron, etc.— Turning Rests, Supporting Rests, Shaft Straigiitkners, 
ETC.— Lathe Attachments — Rapid Change Gpiar Mechanisms— Lathe Tools, Higidhpeed 
Steel, Speeds and Feeds, Power for Cutting Tools, etc.— Testing a Lathe— Lathe Work 
— Engine Lathes— Heavy Lathes— High-speed Lathijk— Special Lathes— Risgulau 'J’urret 
Lathes— Special Turret Lathes— Electrically-driven Lathes. 

LATHE^WORK. A Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. By Paul N. Hasluck. 
Eighth Edition. Crown Svo, cloth 55. 

LAW FOR ENGINEERS AND MANUFACTURERS* 

See Every Man’s Own Lawyer. A Plandybook of the Principles of 
Law and Equity. By a Barrister. Forty-seventh (1910) Edition, 
Revised and Enlarged, including Abstracts of the Legislation of 1909 of 
especial interest to Engineering P'irms and Manufacturers, such as the 
Fiousing and Town Planning Act ; the Development and Road Im- 
provement Act ; the Trade Board Act ; the Labour Exchanges Act, and 
many other recent Acts. Large crown 8vo, cloth, 838 pages 

\Jitsf ^mblhhed. Net 6s. 8 ( 1 , 

LEVELLING* PRINCIPLES AND PRACTICE OF* Showing 

its Application to Purposes of Railway and Civil Engineering in the Con- 
struction of Roads ; with Mr. Telford’s Rules for the same. By 
Frederick W. Simms, M.InstC.E. Ninth Edition, with Law’s 
P ractical Examples for Setting-out Railway Curves, and Trautwine’S 
Field Practice of Laying-out Circular Curves. With seven Plates and 
numerous Woodcuts, 8vo ... Ss- 6d. 

LIGHTNING CONDUCTORS, MODERN. An Illustrated 

Supplement to the Report of the Lightning Research Committee of 1905, 
also the Phoenix Fire Office 1910 Rules, with Notes as to the Methods of 
Protection, and Specifications.’ By Kit,lingwortk Hedges, M.I nstC.E., 
M.I.E.E., Plonorary Secretary to the Lightning Research Committee. 
Second Edition, with additions. 132 pp., with Illustrations. Medium 
8vo, cloth ... Just Published Net 6 s. 6d. 
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LOCOMOTIVE ENGINE. The Autobiography of an old Loco- 
motive Engine. By Robert Weatherburn, M.T.M.E. With Illus- 
trations and Portraits of GEORGE and Robert Stephenson. Crown 
8 vo, cloth 2s. 6d. 

LOCOMOTIVE ENGINE DEVELOPMENT. A Popular 

Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1903. By Clement C. Stretton, C.E. Sixth 
Edition, Revised and Enlarged. Crown 8vo, cloth ... Ket 4-s. 6d. 

LOCOMOTIVE ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Locomotive Engines. By Michael Reynolds, 
M.S.E. Twelfth Edition. Crown 8vo, cloth, 3s. 6 d. ; cloth boards 

4s. 6d. 

LOCOMOTIVE ENGINES. A Rudimentary Treatise on. By 
G. D. Dempsey, C.E. With large additions treating of the Modern 
Locomotive, by D. K. Clark, M. Inst. C.E. With Illustrations. Crown 
8 VO, cloth 3s. 

LOCOMOTIVE (MODEL) ENGINEER, Fireman and Engine- 

boy. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. Crown 8vo, 
cloth, 3s* 6d. ; cloth boards 4s. 6d. 

LOCOMOTIVES* THE APPLICATION OF HIGHLY 

SUPERHEATED STEAM TO. Steam. 

MACHINERY* DETAILS OF* Comprising Instructions for 

the Execution of various Works in Iron in the Fitting Shop, Foundry, 
and Boiler Yard. By Francis Campin, C.E. Crown Svo, cloth 3s. 

MACHINE SHOP TOOLS* A Practical Treatise describing in 
every detail the Construction, Operation and Manipulation of both Hand 
and Machine Tools ; being a work of Practical Instruction in all Classes 
of Modern Machine Shop Practice, including Chapters on Filing, 
Fitting and Scraping Surfaces ; on Drills, Reamers, Taps and Dies ; 
the Lathe and its Tools ; Planers, Shapers and their Tools ; Milling 
Machines and Cutters ; Gear Cutters and Gear Cutting ; Drilling 
Machines and Drill Work, &c. By W. H. Van Dervoort, M.E., 
Illustrated by 673 Engravings. Medium Svo 3 is. 

MAGNETOS FOR AUTOMOBILISTS : How made and How 

used. A handybook on their Construction and Management. By S. R. 
Bottone. Second Edition Enlarged. 118 pages, with 52 Illustrations. 
Cro-wn Svo, cloth ... ... ... ... Published. JVet 

MARINE ENGINEERING* An Elementary Manual for Young 
Marine Engineers and Apprentices. By J. S. Brewer, Crown Svo, 
cloth IS. 6d. 

MARINE ENGINEER'S GUIDE to Board of Trade Examina- 
tions for Certificates of Competenc^L Containing all Latest Questions 
to Date, with Simple, Clear, and Correct Solutions ; 302 Elementary 
Questions with Illustrated Answers, and Verbal Questions and Answers ; 
complete Set of Drawings with Statements completed. By A. C. Wannan, 
C.E., Consulting Engineer, and E. W. I. Wannan, M.I.M.E., Certifi- 
cated First Class Marine Engineer. With numerous Engravings. 
Fourth Edition, Enlarged. 500 pages. Lge. Cr. Svo, cloth. JVei los. 6d 



MARINE ENGINEER'S POCKET-BOOK. Containing latest 

Board of Trade Rules and Data for Marine Engineers. By A. C, Wannan.. 
Fifth Edition, i86 pages, Illustrated. Square i8mo, with thumb Index, 
leather ... ... ... ... ... \ Just published. Net as. 6 d. 

MARINE. ENGINES AND BOILERS* Their Design and 

Construction. A Handbook for the Use of Students, Engineers, and 
Naval Constructors. Based on the Work “ Berechnung und Konstruktion 
der Schiffsmaschinen und Kessel,” by Dr. G. Bauer, Engineer-in-Chief 
of the Vulcan Shipbuilding Yard, Stettin. Translated from the Second 
German Edition by E. M. Donkin and S. Bryan Donkin, A.M.I.C.E. 
Edited by Leslie S. Robertson, Secretary to the Engineering Standards 
Committee, M, I. C.E., M.I.M.E., M.LN.A., Etc. With numerous Illus- 
trations and Tables. Medium 8 VO, cloth ... N'ei 

SUMMARY OF CONTENTS :-PART L MAIN ENGINES: Determination of 
Cylinder Dimensions— The Utilisation of Steam in the ENoiNrs- Stroke of Piston— 
Number of Revolutions— Turning Moment— Balancing of the Moving Parts— Arrange- 
ment OB' Main Engines— Details of Main Engines— The Cylinokr— Valves— Various 
Kinds of Valve Gear— Piston Rods— Pistons— Connecting Rod and Crosshead— Valve 
Gear Rods— liim Plates — Engine Columns— Reversing and Turning Gear. PART II. 
PUMPS: Air, Circulating Feed, and Auxiliary Pumts, PART III.: SHAFTING, RE- 
SISTANCE OF SHIPS, PROPELLERS: Thrust SiiAF'r and Thrust Block — Tunnel 
Shafts and Plummer Blocks- -Shaft Coui^lings— Stern Tube — The Screw Propeller — 
Construction of the Screw. PART IV. PIPES AND : r-sNERAL 

Remarks, Flanges, Valves, etc.— Under-water Fittings— Ma '■ - Steam, 

AND Exhaust Piping-Feed Water, Bilge, Ballar'p and Circulating’ Pipes. PART V. 
STEAM BOILERS: Firing and the Generation oi' S'J'eatm— Cylindrical Boilers- 
Locomotive Boilers— Water-Tube Boilers— Small Tube Water-Tube Boilers— Smoke 
B ox— F unnel and Boiler Lagging— Forced Draiight— Boiler Fittings and Mountings. 
PART VI. MEA.SUR1NG INSTRUMENTS. PART VII. VARIOUS DETAILS: Bolts, 
Nuts, Screw Threads, etc.— Platforms, Gratings, Ladders— Foundations— Seatings— 
Lubrication— Ventilation of Engine Rooms— Rules for Spari-: Gear. PART Vlll. 
ADDITIONAL TABLES. 

MARINE ENGINES AND STEAM VESSELS. By 

R. Murray, C.E. Eighth Edition, thoroughly Revised, with Additions 
by the Author and bv George Carlisle, C.E. Crown 8vo, cloth 4s. 6d. 

MARINE STEAM TURBINE. A Practical Description of the 

Parsons Marine Turbine as presently constructed, fitted, and run, 
intended for the use of Students, Marine Engineers, Superintendent 
Engineers, Draughtsmen, Works’ Managers, Foremen Engineers, and 
others.^ By J. W. Sothern, Member, Institute of Engineers and 
Shipbuilders in Scotland ; Hon. Member, West of Scotland Foremen 
Engineers and Draughtsmen’s Association ; ih'incipal, Sothern’s Marine 
Engineering College, Glasgow ; Member, Association of Engineering 
Teachers. Previous editions translated into the French, German, 
Spanish and Dutch languages. Illustrated by over 180 Diagrams, 
Photographs, and Detail Drawings. Third Edition, re-written up to 
date and greatly enlarged. 354 pages. Medium Svo, cloth Net 12S. 6d. 

MARINE STEAM TURBINES. A Handbook for the use of 

Students, Engineers, and Naval Constructors. Based on the work 
“ Schiffstiirbinen.” By Dr. G. Baukr, Engineer-in-Chief of the Vulcan 
Shipbuilding^ Yard, Stettin, and O. Lasche, Enginecr-in-Chief of the 
Steam Turbine Works of the A.E.G., Berlin. Translated from the 
German by M. G. S. Swallow. With 104 Illustrations and Tables 
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MASONRY DAMS FROM INCEPTION TO COM- 

PLETION. Including numei’ous Formuhe, Forms of vSpecification and 
Tender, Pocket Diagram of Forces, etc. For the use of Civil and Mining 
Engineers. By C. F. Courtney, M.Inst.C.E. 8vo, doth ... ps. 
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MASTING, MAST^MAKING, AND RIGGING OF 

SHIPS* Also Tables of Spars, Rigging-, Blocks ; Chain, Wire, and 
Hemp Ropes, etc., relative to every class of vessels. By R. Kipping. 
Crown Svo, cloth ... ... ... 2S. 

MATERIALS AND CONSTRUCTION. A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of 
Construction. By F. Campin. Crown Svo, cloth 3s. 

MATERIALS, A TREATISE ON THE STRENGTH OR 

By P. Barlow, F.R.S., P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. Edited by Wm. Humber, A. M. Inst. C.E. Svo, cloth ... i8s. 
MATHEMATICAL TABLES* For Trigonometrical, Astrono- 
mical, and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms, by H. Law, C.E. With Tables for Navigation and Nautical 
Astronomy. By Prof. J. R. Young. Crown Svo, cloth 4 s, 

MEASURES: BRITISH AND AMERICAN CUSTOM- 

ARY AND METRIC LEGAL MEASURES* For Commercial and 
Technical Purposes, forming the Measui'e Section of Part 1 . of “ The 
Mechanical Engineer’s Reference Book.” By Nelson Foley, M.I.N.A. 
Folio, cloth JVe^ js, 6d. 

Measures : Leg.'M., St.w'dards — Line.al — Square — Cubic and Capacity — Weight — 
Compound Units— Velocity and Speed — Measures of Gravity — Mass— Force — Work — 
Power — Electrical — Heat — Moments — Energy — Momentum — Centrifugal Force — 
Angles— Equivalents : Customary IMeasures to Metric, and vtce versa — Lineal — Square 
— Cubic and Capacitv — Weights and Money (English, American and French). 

MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery, Mechanical 
Manipulation, Mariufacture of the Steam Engine, etc. By Francis 
Campin, C.E. Third Edition. Ci'own Svo, cloth ... ... as, 6d. 

MECHANICAL ENGINEERING TERMS* LOCKWOOD’S 

DICTIONARY. Embracing terms current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths’, and Boiler Shops, etc. 
Comprising upwards of 6,000 Definitions. Edited by J. G. Horner, 
A.M.I.M.E. Third Edition, Revised, with Additions. Crown Svo, cloth. 

JVet ys, 6d. 

MECHANICAL ENGINEER'S COMPANION. Areas, 

-Circumferences, Decimal Equivalents, in inches and feet, millimetres, 
squares, cubes, roots, etc. ; Strength of Bolts, Weight of Iron, etc. ; 
Weights, Measures, and other Data. Also Practical Rules for Engine 
Proportions, By R. Edwards, M.InstC.E. F’cap. Svo, cloth 3s. 6 d. 

MECHANICAL ENGINEER'S POCKET^ BOOK* Com- 
prising Tables, FormuUe, Rules, and Data : A Handy Book of Reference 
for Daily use in Engineering Practice. By D. Kinnear Clark, 
M.Inst.C.E., Sixth Edition, thoroughly Revised and Enlarged. By 
H. H. P. Powles, A.M. Inst. C.E. , M.LM.E. Small Svo, 700 pp., Leather. 

JVe^ 6 s. 

Mathematical Tables— Measurement of Surfaces and Solids— English Weights 
AND Measures— French Metric Weights and Measures — Foreign Weights and Measures 
— Moneys — Specific Gravity, Weight, and Volume— Manufactured Metals — Steel Pij>es 
— Boi.ts and Nuts— Sundry Articles in Wrought and Cast Iron, Copper, Brass, Lead 
Tin, Zinc — Strength of Materials — Strength of Timber — Strength of Cast Iron- 
Strength of Wrought Iron — Strength of Steel— Tensile Strength of Copper, Lead 
ETC. — Resistance of Stones and Other Building Materials — Riveted Joints in Boiler 
Plates— Boiler Shells— Wire Ropes and Hemp Ropes— Chains and Chain Cables— 
Framing — Hardness of Metals, Alloys, and Stones '-Labour of Animals— Mechanical 
Principles — Gravity and Fall of Hodies — Accelerating and Retarding Forces — Mill 
Gearing, Shafting, etc.— Transmission of Motive Power— Heat— Combustion : Fuels— 
Warming, Ventilation, Cooking Stoves— Steam — Steam Fngines and Boilers— Railways 
—Tramways— Steam Ships— Pumping Steam Engines and Pumps— Coal Gas— Gas Engines 
etc.— Air in Motion — Compressed Air— Hot-Air Engines —Water Power — Speed of 
Cutting Tools— Colours— Electrical Engineering, 
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MECHANICAL HANDLING OF MATERIAL. A Treatise 

on the Handling of Material such as Coal, Ore, Timber, etc., by 
Automatic or Semi-Automatic Machinery, together with the Various 
Accessories used in the Manipulation of such Plant, and Dealing fully, 
with the Handling, Storing, and Warehousing of Grain. By G. F. 
Zimmer, A.M.Inst.C.E. 528 pp. Royal 8vo, cloth, with 550 Illustrations 
(including Folding Plates) specially prepared for the Work ... Net 25s. 

MECHANICS* Being a concise Exposition of the General Principles 
of Mechanical Science and their Applications. By C. Tomlinson, 
F.R.S. Crown 8vo, cloth is. 6d. 

MECHANICS CONDENSED* A Selection of Formulae, Rules, 

Tables, and Data for the Use of Engineering Students, etc. By 
W. G. C. FIughes, A.M.I.C.E. Crown 8vo, cloth as. 6d. 

MECHANICS OF AIR MACHINERY* By Dr. J. Wieseach 

and Prof. G. Herrmann. Authorised Translation with an Appendix on 
American Practice by A. Trowbridge, Ph.B., Adjunct Professor of 
Mechanical Engineering, Columbia University. Royal 8vo, cloth 

Net 185. 

MECHANICS* WORKSHOP COMPANION. Comprising 

a great variety of the most Useful Rules and Formulae . in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results 
for Facilitating Mechanical Operations. By William Templeton, 
Author of “The Engineers Practical Assistant,” etc., etc. Nineteenth 
Edition, Revised, Modernised, and considerably Enlarged by W. S. 
TIutton, C.E,, Author of “The Works’ Manager’s Flandbook,” etc. 
F’cp. 8vo, nearly 500 pp., with 8 Plates and upwards of 270 Diagrams, 
leather S^Jtist published. Net 53. 

MECHANISM AND MACHINE TOOLS. By T. Baker, 

C.E, With Kemarks on Tools and Machinery by J. Nasmyth, C.E. 
Crown 8vo, cloth 3 S. 6d. 

MENSURATION AND MEASURING* With the Mensura- 
tion and Levelling of Land for the Purposes of Modern Engineering. 
By T. Baker, C.E. New Edition by E. Nugent, C.E, Crown 8vo, 
cloth IS. 6d. 

METAL ^ TURNING* A Practical Handbook for Engineers, 
Technical Students, and Amateurs. By JOSEPH Horner, A.M.I.Mech.E., 
Author of “ Pattern Making,” etc. Large Crown 8vo, cloth, with 488 

Illustrations Net QS. 

Summary of Contf.nt.s:— Introduction— 'Relations of Turnery and Machine Shop- 
Sec. I. The Lathe, its Work and Tools- Forms and Functions of Tools— Reai arks on 
Turning tn General — Sec. II. Turning between Centres— Centring and Driving — Use of 
Steadies— Examples of Turning Involving Lining-out for Centres— Mandrel Work- 
Sec. III. Work supported at One End— Face Plate Turning— Angle Plate Turning- 
Independent Jaw Chucks— Concentric, Universal, Toggle, and Applied Chucks— Sec. IV 
Internal Work— Drilling, Boring, and Allied Operations— Sec. V. Screw Cuttings and 
Turret Work — Sec, VI. Miscellaneous— Special Work — Measurement, Grinding— Tool 
Holders— Speed and Feeds, Tool Stkels— Steel Makers’ Instruction.s. 

METRIC TABLES* In which the British Standard Measures and 
Weights are compared with those of the Metric System at present in 
Use on the Continent. By C. H. Dowling, C.E. 8vo, cloth 105. 6d. 
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MILLING MACHINES: their Design, Construction, and Work- 
ing. A Handbook for Practical Men and Engineering Students. 
By Joseph Horner, A.M.I.Mech.E., Author of “Pattern MakingV^ 
etc. With 269 Illustrations. Medium 8vo, cloth ... Net I3S. 6d- 
Leading Elements ofs* Milling Machine Design and Construction — Plain ani> 
Universal Machines— Attachments and Bracings— Vertical Swindles Machines — Plano- 
Millers or Slabbing Machines — Special Machines — Cutters — Milling Operations — 
Indexing, Spiral Work, and Worm, Spur, and Bevel Gears, etc. — Spur and Bevel Gears 
— Feeds and Speeds. 

MOTOR CAR, THE. For the Use of Students and Motor Car 
Owners. With Notes on the Internal Combustion Engine and its FueL 
By Robert W. A. Brewer, A'.M.Inst.C.E., M.l.A.E. 

250 pp. With numerous Illustrations. Demy 8vo, cloth ... Net 

History of the Internal Cojiidustion Engine — Two-Cycle Engines— -Large Engines— - 
Scavenging — Mechanical Details of Construction— Details of the Moving Parts — 
STRATIFICATION— Thermal Efficiency— Cause and Extent of Heat Losses— Testing of 
Gas Engines and C.vlculations of Results — Gas Producers — Oil Engines— The Petrol 
Engine AS Employed in the Motor Car — Power and Weight of Petrol Engines — Fkictki.n 
AND Lubrication of Engines— Clutches and Change Speed Gears— Transmission Gear — 
Live Axles and Chain Drive— Brakes— The Differential Gear — Frames— Suspenkio.n — 
Steering — Radiation, Ignition, Mechanism — Carhuration — Lkiuid Fuel — Benzol — 
Fuel Mixtures— Alcohol — Carburetters and the Flow of Fuel— Modernising a Motor 
Car— The Care of the Car. 

MOTOR CAR CATECHISM* Containing about 320 Questions 
and Answers Explaining the Construction and Working of a Modern Motor 
Car. For the Use of Owners, Drivers, and Students. By John Henry 
Knight. Second Edition, Revised and Enlarged, Avith an additional 
chapter on Motor Cycles. Crown 8vo, with Illustrations. Net is. 6d. 
The X’etrol Engine— Transmission and the Chassis— Tyres— Duties of a Car Driver 
— Motor Cycles — L.\ ws and Regulations. 

MOTOR CARS FOR COMMON ROADS. By A. J. Wallis- 

Tayler, A.M.Inst.C.E. 212 pp., with 76 Illustrations. Crown 8vo, 
cloth 6d. 

MOTOR VEHICLES FOR BUSINESS PURPOSES. A 

Practical Handbook for those interested in the Transport of Passengers 
and Goods. By A. J. Wallis-Tayler, A.M.Inst.C.E. With 134 Illus- 
trations. Demy 8vo, cloth Net os. 

NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK* Of Formulae, Rules, and Tables, and Marine 
'Engineer's and Surveyor's Handy Book of Reference. By Clement 
Mackrow, M.LN.A. Tenth Edition. Pcap., leather Net 13s. 6d. 

Signs and Symbols, Decimal Fractions — Trigonometry — Practical Geometry — 
Mensuration Centres and Moments of Figures — Moments of Inertia and R.^idii 
GVR.A.T10N — Algebraical Expression.s for Simpson’s Rules — Mechanical Principle.s— 
Centre of Gr.avity — Laws of Motion — Dlsplacement, Centre of Buoyancy — Centre 
‘=’ 1 ^ of Ship’s Hull— Stability Curves and Metacentres— Sea and Shallow- 

W.A.TEK Waves — Roli.ing of Ship.s — Propulsion and Resistance of Ve.ssels— Speed Trials — 
Sailing, Centre of Effort— Distances down River.s, Coast Lines— Steering and Rudder.s 
OF Vessel.s — Launching Calculations and Velocities — Weight of Material and Gear 
—Gun Particulars and Weight- Standard Gauges — Riveted Joints and Riveting- 
Strength and Tests of Materials — Binding and Shearing S'tres.ses • — Strength of 
Shafting, Piilars, Wheels, etc.— Hydraulic Data, etc.— Conic Sections, Catenvkian 
Curves— Mechanical Powers, Work— Board op Tr.ade Regulations for Boilers and 
Lngines — Board of Trade Regulations for Ships— Lloyds Rules for Boilers— Lloyd’s 
Weight of Chains — Lloyd’s Scantlings for Ships— Data of Engines and Vessels— Ships’ 
sittings and Test.s— Seasoning PRESER^'rNG Timber — Measurement of Timber — Alloys 
P.aints, Varnishes— Data for Stowage— Admiralty Transport Regulations— Rules for 
Horse-power, Screw Propellers, etc. — Percentages for " 

Yachts — Masting and Rigging — Distances of Foreign Port? ' > ' ? 

oi' French and English Terms — English Y^eights and Miirt.MjKfc,ti — tukeign vveigh’j.‘.s and 
Measures — Decimal Equivalents — Useful Numbers— Circular Measures— Areas of and Cir- 
cumferences OF C1KCLE.S— Areas of Segments of Circle.s— Tables of Squares and Cubes and 
Roots of Numbers— Tables of Logarithms of Numbers— Tables of Hyperbolic Logarithms 
Tables of Natural Sines, Tangents — Tables of Logarithmic Sikes, Tangents, etc. 



NAVAL ARCHITECTURE* An Exposition of the Elementary 
Principles. By J, Peake. Crown 8vo, cloth 3s. 6d. 

NAVIGATION AND NAUTICAL ASTRONOMY* In 

Theory and Practice. By Prof. J. R. Young. Crown 8vo, cloth 2S. 6d. 

NAVIGATION, PRACTICAL* Consisting of the Sailor’s Sea 
Book, by J. GREENWOOD and VV. H. Rosser ; together with Mathe- 
matical and Nautical Tables for the Working of the Problems, by 
H. Law, C.E., and Prof. J. R. Young ... ... 7s. 

PATTERN MAKING. Embracing the Main Types of 

Engineering Construction, and including Gearing, Engine Work, 
Sheaves and Pulleys, Pipes and Columns, Screws, Machine Parts, 
Pumps and Cocks, the Moulding of Patterns in Loam and Greensand, 
Weight of Castings, etc. By J. G. PIorner, A.M.I.M.E. Third Edition, 
Enlarged. With 486 Illustrations. Crown Svo, cloth ... Nei ys. 6d[, 

PATTERN MAKING* A Practical Work on the Art of Making 

Patterns for Engineering and Foundry Work, including (among other 
matter) Materials and Tools, Wood Patterns, Metal Patterns, Pattern 
Shop Mathematics, Cost, Care, etc., of Patterns. By F. W. Barrows. 
Fully illustrated by Engravings made from Special Drawings by the 

Author. Crown Svo, cloth 6s» 

PETROL AIR GAS* A Practical Handbook on the Installation 
and Working of Air Gas Lighting Systems for Country Houses. By 
Henry O’Connor, F.k.S.E., A.M.Inst.C.E., &c., author The Gas 
Engineer’s Pocket Book.” 80 pages with Illustrations. Crown Svo, 
cloth. IS- 6d, 

DeSCKII’TION ni' I’KEVKIUS PlANTO ANU Sv.STKfttS FOR CoVNTRY~lioU.SE LlGH'riNG, Dikfi- 
CUl.TlES WITH, OhJECTIONS AND PRICE.S— H ISTON V OI-* PeTROL GAS, COMPARATIVE CoSTS— - 
Petrol, Its Nature, Dangers, and S'1'orin<;, Notes on the Law REOAuniNc'r same- 
burners, Description ok same, Ph'ing, Mantles— General Principles oe Parts of 
Plants— Motive Power Meters — Weight- Driven Plants — Root’s Buoweks— Hot-Air 
Engines— Pel'POn Water-Wheels— DES ckicTioNs oi-' Various Plan’I's— Extract from an Act 
EOR THE Sake-Keeping of Petroleum and Opher Substances ok a Luce Nature— 

A P I‘E N D I .X — U SE K U L N t) ' PEH . 


PETROLEUM MINING AND OIL-FIELD DEVELOP- 

MENT* A Guide to the Exploration of Petroleum Lands, and a 
Study of the '^'’-■'■''Icms connected with the Winning of 

Petroleum. , • Data of important Oil Fields. Notes 

on the Origin and Distribution of Petroleum, and a description of the 
Methods of Utilising Oil and Gas Fuel. By A. Beehy Thompson, 
A.M.LMech.E., F.G.S., Author of “ 1 ’he Oil Fields of Russia.” 384 
pages, 1 14 illustrations, including 22 full-page plates. Demy Svo, cloth. 

Just 'published. Net 15s. 

“It is an admirable te.'ct-book by a competent authority on an interestitifv subject .” — Mmivg 


Magazine. , ' . , . .... 

“The present eflTort is likely to receive a warm welcome m engineering circles, anti it can be 
cordially commended for perusal. It will doubtless have that large sale to which its merits entitle 
it ." — Mining ^Vorld, . 

“The general luspects of the Petroleum Industry are fully and ably laid out, —Engmecr. 


PIONEER ENGINEERING. A Treatise on the Engineering 
Opei'ations connected with the Settlement of Waste Lands in New 
Countries. By E. Dobson, M.Inst.C.E. Second Edition. Crown 8vo, 
cloth 45 * 6d. 


PNEUMATICS* Including Acoustics and the Phenomena of Wind 
Currents, for the Use of Beginners. By Charles Tomlinson, F.R.S. 
Crown Svo, cloth is. 6d. 
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PORTLAND CEMENT, THE MODERN MANUFAC; 

TURK OF. A Handbook for Manufacturers, Users, and all interested 
in Portland Cement. By PERCY" C. H, West, Fellow of the Chemical 
Society and of the Society of Chemical Industry. Vol. I. “ Machinei'y 
and Kilns.’^ 280 pages, with 159 Illustrations and numerous tables. 
Royal 8vo, cloth Just Published. Net x'zs. 

PRODUCER GAS PRACTICE (AMERICAN) AND 

INDUSTRIAL GAS ENGINEERING. By Nisbet Latta, M.Amer. 
Soc.M.E., M.Amer. Gas Inst. 558 pp., with 247 Illustrations. Demy 
4to, cloth J^tst Published. Net 35s. 

Producer Operation!— Cleaning the Gas — Works Details— Producer Types— Moving 
GaseS“Solid Fuels — Physical Properties of Gases— Chemical Properties of Gases— Gas 
Analysis — Gas Power— Gas Engines — Industrial Gas Applications— Furnaces and Kilns— 
Burning Lime and Cement— Pre-Heating Air— Doherty Combustion Economizer— Com- 
bustion IN Furnaces — Heat— Temperature, Radiation, and Conduction — Heat Measure- 
ments : Pvrometky and Calorimetry — Pipes, Flues, and Chimneys — Materials : Firecl.ay, 
Masonry, Weights, and Rope— Useful Tables— Oil Fuel Producer Gas. 

PRODUCER GAS. See also Gas Engines and Producer Gas 
Plants. 

PUMPS AND PUMPING* , A Handbook for Pump Users. Being 
Notes on Selection, Construction, and Management. By M. PowiS 
Bale, M.Inst.C.E., M.I.Mech.E. Fifth Edition. Crown 8vo, cloth, 3s. 6d. 

PUNCHES, DIES, AND TOOLS FOR MANUFACTURE 

ING IN PRESSES. By JOSEPH V. Woodworth. Medium 8vo, cloth, 
482 pages with 700 Illustrations .... ... ... ... ... Net 

Simple Bending and Forming Dies, their Construction, Use and Operation — Intri- 
cate Combination, Bending and Forming Dies, for Accurate and Rapid Production — 
Automatic Forming, Bending and Twisting Dies and Punches, for Difficult and Novel 
Shaping— Cut, Carry and Follow Dies, together with Tool Combinations for Progressive 
Sheet Metal Working — Notching, Perforating and Piercing Punches, Dies and Tools— 
Composite, Sectional, Compound and Armature Disk and Segment Punches and Dies — 
Processes and Tools for Making Rifle Cartridges, Cartridge Cases of Quick-firing Guns, 
AND Nickel Bullet Jackets— The Manufacture and Use of Dies for Drawing Wire and 
Bar Steel — Pens, Pins, and Needles, their Evolution and Manufacture— Punches, Dies, 
AND Processes for Making Hydraulic Packing Leathers, together with Tools for Paint 
AND Chemical Tablets— Drawing, Re-Drawing, Reducing, Flanging, Forming, Reversing, 
AND Cupping Processes, Punches and Dies for Circular and Rectangular and Sheet- 
Metal Articles — Beading, Wiring, Curling and Seaming Punches and Dies for Clo<sIng 
and Assembling of Metal Parts, dr^c., &^c. 

RECLAMATION OF LAND FROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested 
in Works of Reclamation. By A. Beazeley, M.Inst.C.E. 8vo, cloth 

Net I os. 6d. 

RECOIL OF GUNS WITH RECOIL CYLINDERS, THE 

THEORY OF. By Professor F. Rausenberger. Specially printed 
from Artilleristische Monatshefte.’’ Translated by Alfred Slater. 
100 pages, with 3 plates. Demy 8 vo, cloth Net los. 6d. 

The External Forces on a Recoiling-Gun Mounting which come into Action on 
Firing — Determination of the Break Pressure and the Length of Recoil— The 
Running-forward Device — Recoil Brakes — The Running-forward Brake — Notation Used 

REFRIGERATION AND ICE^MAKING POCKET-BOOK* 

By A. J. Wallis-Tayler, A.M.Inst.C.E., Author of “ Refrigerating and 
Ice-making Machinery, etc. Fourth Ed. Cr. Svo, cloth Net 6d. 

REFRIGERATION, COLD STORAGE, AND ICE- 

MAKING. A Practical Treatise on the Art and Science of Refrigera- 
tion. By A. J. Wallis-Tayler, A.M.Inst.C.E. Containing the Third 
Edition of Refrigerating and Ice-Making Machinery.’^ Second Edition. 
612 pp., 368 Ulus. Medium Svo. \jtist published. Net los. 6d. 


RIVER BARS. The Causes of their Formation, and their Treat- 
ment by “ Induced Tidal Scour” ; with a Description of the Successful 
Reduction by this Method of the Bar at Dublin. By I. J. Mann, Assist. 
Eng. to the Dublin Port and Docks Board. Royal 8vo, cloth 7s. 6d. 

ROADS AND STREETS* By H. Law, C.E., and D. K. Clark, 
C.E. Revised, with Additional Chapters by A. J. Wallis-Tayler, 
A.M.Inst.C.E. Seventh Edition. Crown 8vo, cloth 6s. 

ROOFS OF WOOD AND IRON* Deduced chiefly from the 

Works of Robison, Tredgold, and Humber, By E. W. Tarn, M.A., 
Architect. Fifth Edition. Crown 8vo, cloth is. 6d. 

SAFE RAILWAY WORKING* A Treatise on Railway Acci- 
dents, their Cause and Prevention ; with a Description of Modern Appli- 
ances and Systems. By Clement E. Stretton, C.E. Third Edition, 
Enlarged. Crown 8vo, cloth 3^* 6d. 

SAFE USE OF STEAM* Containing Rules for Unprofessional 
Steam Users. By an Engineer. Eighth Edition. Sewed ... 6d. 

SAILMAKING* By Samuel B. Sadler, Practical Sailmaker, late 
in the employment of Messrs. Ratsey and Lapthorne, of Cowes and 
Gosport. Second Edition, Revised. 4to, cloth ... JVet 12s. 6d. 

SAILOR^S SEA BOOK* A Rudimentary Treatise on Navigation. 
By James Greenwood, B.A, With numerous Woodcuts and Coloui'ed 
Plates. New and Enlarged Edition. By W. H. Rosser. Crown 8vo, 
cloth 2s. 6d. 

SAILS AND SAILMAKING* With Draughting, and the Centre of 
Effort of the Sails. Weights and Sizes of Ropes ; Masting, Rigging and 
Sails of Steam Vessels, etc. By R. Kipping, N.A. Crown 8vo, cloth 

2s. 6d. 

SCREW-'THREADS, and Methods of Producing Them. With 
numerous Tables and complete Directions for using Screw- Cutting 
Lathes. By Paul N. I-Iasluck, Author of Lathe- Work,” etc. Sixth 
Edition. Waistcoat-pocket size is. 6d. 

SEA TERMS, PHRASES, AND WORDS (Technical Dic- 
tionary. French-English, English- French), used in the English and 
French Languages. For the Use of Seamen, Engineers, Pilots, Ship- 
builders, Shipowners, and Shipbrokers. Compiled by W. PiRRiE, late ot 
the African Steamship Company. F^cap. Svo, cloth 5s. 

SHIPBUILDING INDUSTRY OF GERMANY* Compiled 
and Edited by G. LehmanN-Felskowski. With Coloured Prints, Art 
Supplements, and numerous Illustrations throughout the text. Super- 
royal 4to, cloth ... ... ... ... ... ... 105. 6d. 

SHIPS AND BOATS* By W. Bland. With numerous Illus- 
trations and Models. Tenth Edition. Crown Svo, cloth ... 15. 6d. 

SHIPS FOR OCEAN AND RIVER SERVICE* Principles 

of the Construction of. By H. A. SoMMERFELDT. Crown 8vo. is. 6d. 
ATLAS OF ENGRAVINGS. To illustrate the above. Twelve large 
folding Plates. Royal 4to, cloth 75. 6d. 

SMITHY AND FORGE* Including the Farrier's Art and Coach 
Smithing. By W. J. E. Crane. Crown Svo, cloth 2s. 6d. 



STATICS, GRAPHIC AND ANALYTIC. In their Practical 

Application to the Treatment of Stresses in Roofs, Solid Girders, Lattice, 
Bowstring, and Suspension Bridges, Braced Iron Arches and Piers, and 
other Frameworks. By R. Hudson Graham, C.E. Containing Dia- 
grams and Plates to Scale. With numerous Examples, many taken from 
existing structures. Specially arranged for Class- work in Colleges and 
Universities. Second Edition, Revised and Enlarged, 8 vo, cloth. i6s. 

“ Mr. Graham’s book will find a place wherever graphic and analytic statics are used or studied.” 
— Engineer. 

STATIONARY ENGINE DRIVING. A Practical Manual 

for Engineers in Charge of Stationary Engines. By MichaKL 
Reynolds, M.S.E. Eighth Edition. Crown 8vo, cloth, 3s. 6 d. ; 
cloth boards 6 d. 

“ The author is thoroughly acquainted with his subjects, and has produced a manual which is an 
exceedingly useful one for the class for whom it is specially intended," — Eng-ineeritt'^. 

STATIONARY ENGINES. A Practical Handbook of their 
Care and Management for Men-in- Charge. By C. Hurst. Crown 8vo 

Net IS. 

STEAM: THE APPLICATION OF HIGHLY SUPER^ 

HEATED STEAM TO LOCOMOTIVES. Being a reprint from a 
Series of Articles appearing in ‘‘The Engineer.” By Robert Garbe, 
Privy Councillor, Prussian State .Railways. Translated from the German. 
Edited by Leslie S. Robertson, Secretary of the Engineering Standards 
Committee, M.Inst.C.E., M.I.Mech.E., M.InstN.A., etc. Medium 8vo, 
cloth 7 s, 6 d. 

STEAM AND THE STEAM ENGINE. Stationary and 

Portable. Being an Extension of the Treatise on the Steam Engine of 
Mr. J. Sewell. By D, K. Clark, C.E. Fourth Edition. Crown 8vo, 

cloth 3s. 6d, 

“ Every essential part of the subject is treated of competently, and in a popular style.” — Iron, 

STEAM AND MACHINERY MANAGEMENT* A Guide 

to the Arrangement and Economical Management of Machinery, with 
Flints on Construction and Selection. By M. Powis Bale, M.Inst.M.E. 

Crown Svo, cloth ... ' ... ... 35 . 6d. 

“ Gives the results of wide e.xperience.” — Lloyii^s N’etvspa^er, 

STEAM ENGINE. A Practical Handbook compiled with especial 
Reference to Small and Medium-sized Engines. For the Use of Engine 
Makers, Mechanical Draughtsmen, Engineering Students, and users of 
Steam Power, By Herman Haeder, C.E. Translated from the German, 
with additions and alterations, by H. H. P. PowLES, A.M,I.C.E., M.I.M.E. 
Third Edition, Revised. With nearly 1,100 Illustrations. Crown Svo, 
cloth Net 'js. 6 d. 

“ This is an excellent book, and should be in the hands of all who are interested in the construction 
and design of medium-sized stationary engines. ... A careful study of its contents and the arrange- 
ment of the sections leads to the conclusion that there is probably no other book like it in this country. 
The volume aims at showing the results of practical e-xperience, and it certainly may claim a complete 
achievement of this idea." — Nature. 

STEAM ENGINE. A Treatise on the Mathematical Theory of, 
with Rules and Examples for Practical Men. By T. Baker, C.E. 
Crown Svo, cloth ... ... is. 6d. 

STEAM ENGINE* For the Use of Beginners. By Dr. Lardner. 
Crown Svo, cloth ... ... ... ... ...• ... ... is. 6d. 


STEAM ENGINE* A Text-Book on the Steam Engine, with a 
Supplement on Gas Engines and Part II. on Heat Engines. By T. M. 
Goodeve, M.A., Barrister-at-Lavv, Professor of Mechanics at the Royal 
College of Science, London ; Author of “The Principles of Mechanics.” 
“ The Elements of Mechanism,” etc. Fourteenth Edition. Crown Svo, 
cloth ... ... ... ... ... ... ... 6s. 

STEAM ENGINE (PORTABLE)* A Practical Manual on its 

Construction and Management. For the Use of Owners and Users of 
Steam Engines generally. By William Dyson Wansbrouoh. 
Crown Svo, cloth 3s. 6d. 

STEAM ENGINEERING IN THEORY AND PRACTICE. 

By Gardner D. Hiscox, M.E. With Chapters on Electrical Engineer- 
ing. By Newton Harrison, E.E., Author of “ Electric Wiring, Dia- 
grams, and Switchboards.” 450 pages. Over 400 Detailed Engravings 

Nei I3S. 6d. 

Historical — Steam and its Properties— Aim’Mances for the Generation of Stk.am 
— Types of Boilers— Chimney and its W<)Rk;— Heat Economy ok the Feed Water — 
Steam Pumps and Their Work- Incrustation and its W(tRK— S team arove Ati\iospheric 
Pressure— Flow of Steam from Nozzles— Superheateii Steam and its Work — Adiaiiatic 
Expansion of Steam — Indicator and its Work— Steam Engine Proportions — Slide 
Valve Engines and Valve Motion— Corliss Engine and its Valve Gear — Compound 
Engine and its Theory — Triple and Multiple Expansion Engine— Steam Turhine — 
Refrigeration — Elevators and Their Management— Cost ok Po\YEii-- S team Engine 
Troubles— Electric Power and Electric Plants. 


STEAM TURBINE* See Marine Stea^i Turbine. 

STONE BLASTING AND QUARRYING* For Building 

and other Purposes. With Remarks on the Blowing up of Bi'idges. 
By Gen. Sir J. Burgoyne, K.C.B. Crown Svo, cloth is. 6d. 

STONE^WORKING MACHINERY* A Manual dealing with 

the Rapid and Economical Conversion of Stone. With Flints on the 
Arrangement and Management of Stone Works. By M. Powis Baiji:, 
M.lnst.C.E. Crown Svo, cloth 9s. 


STRAINS, HANDY BOOK FOR THE CALCULATION 

OF, In Girders and Similar Structures and their Strength. Consisting 
of Formulm and Corresponding : .imerous details for 

Practical Application, etc. By"' i, A. M.lnst.C.E., etc. 

Sixth Edition. Crown Svo, with nearly 100 Woodcuts and 3 Plates, 
cloth ... .7s. 6d. 

“We heartily coinmend this really handy book to our engineer and architect readers.” — 
English Mechanic, 

STRAINS ON STRUCTURES OF IRONWORK. With 

Practical Remarks on Iron Construction, By F. W. Si-ieilds, 
M.lnst.C.E. Svo, cloth ... ... ... ... ... ... 5s. 


SUBMARINE TELEGRAPHS. Their History, Construction, 
and Working. Founded in part on Wunscliendorff s “ Traite de Tele- 
graphie Sous-Marine,” and compiled from Authoritative and Exclusive 
Sources. By CHARLES Bright, F.R.S.E., A.M.Inst.C.E., M.I.Mech.E., 
M.I.E.E. Super royal Svo, nearly Soo pages, fully Illustrated, including 
a large number of Maps and Folding Plates, strongly bound in cloth. 

Net £3 3 s. 

“Mr. Bright's interestingly written and admirably illustrated book will meet with a welcome 
reception from cable men.” — Electrician. 

SUPERHEATED STEAM. THE APPLICATION OF. TO 
locomotives. S'fe Steam. ' 



26 


CROSBY LOCKWOOV (Sj- SON^S CAVALULrCJi. 


SURVEYING AS PRACTISED BY CIVIL ENGINEERS 

AND SURVEYORS* Including the Setting-out of Works for Construc- 
tion and Surveys Abroad, with many Examples taken from Actual 
Practice. A Handbook for Use in the Field and the Office, intended also 
as a Text-book for Students. By John Whitelaw, Jun., A.M.Inst.C.E., 
Author of “ Points and Crossings.” With about 260 Illustrations. Second 
Edition. Demy 8vo, cloth ... ... ... ... Ne^ los. 6d. 

SUKVEYING WITH THE ChAIN ON'LY— SURVEYING WITH THE AlD OF ANGULAR INSTRUMENTS — 
Le\'elling— Adjustment OF Instruments — Railway (including Road) Surveys and Setting 
Out — Tacheometry or Stadia Surveying — Tunnel Alignment and Setting Out— Surveys 
FOR Water Supply Works— Hydrographical or Marine Surveying— Astronomical Observa- 
tions used in Surveying— Explanation of Astronomical Terms— Surveys Abroad in 
Jungle, Dense Forest, and Unmapped Open Cuuntkv— Trigonometrical or Geodetic 
Surveys. 

“This work is written with admirable lucidity, and will certainly be found of distinct value both 
to students and to those engaged in actual practice ." — TAe Bjtihicr. 

SURVEYING. LAND AND ENGINEERING, For Students 

and Practical Use. By T. Baker, C.E. Twentieth Edition, by F. E. 
Dixon, A. M. Inst. C.E. WTth Plates and Diagrams. Crown Svo, cloth 

survey;ing, land and marine. In Reference to the 

Preparation of Plans for Roads and Railways ; Canals, Rivers, Towns^ 
Water Supplies ; Docks and Plarbours. With Description and Use of 
Surveying Instruments. By W. Davis Haskoll, C.E. Second Edition, 
Revised, with Additions. Large Crown Svo, cloth ps. 

“ This book must jjrove of great value to the student. We have no hesitation in recommending 
it, feeling assured that it will more than repay a careful study.” — Mechanical World. 

SURVEYING, PRACTICAL* A Text-book for Students Pre- 
paring for Examinations or for Survey Work in the Colonies. By 
George W. Usill, A.M. Inst C.E. Eighth Edition, thoroughly Revised 
and Enlarged by AleX: Beazeley, M. Inst. C.E. Whth 4 Lithographic 
Plates and 360 Illustrations. Large crown Svo, 7s. 6d. cloth ; or, on 
thin paper, leather, gilt edges, rounded corners, for pocket use, 13 S. 6d. 
Ordinary Surveying-Surveying Instruments— Trigonometry required in Surveying 
-Chain-Surveying— Theodolite Surveying— Traversing — Town-Surveying — Levelling- 
Contouring— Setting OUT CuRVLvs — O ffice Work — Land Quantities— Colonial Licensing 
Regulations — Hv'pbometer Tables— Introduction to Tables of Natural Sines, etc. — 
Natural Sines and Co-Sines— Natural Tangents and Co-Tangents — Natural Secants 
AND Co-Secants. 

surveying, togonometrical. An Outline of the 

Method of Conductiiif: " Survey. For the Formation of 

Geographical and T _ ' and Plans, Military Recon- 

naissance, Levelling, etc., with Useful Problems, Formulae and Tables. 
By Lieut- General Frome, R.E. Fourth Edition, Revised and partly 
Re-written by Major-General Sir Charles W.vrren, G.C.M.G., R.E. 
With 19 Plates and 115 Woodcuts. Royal Svo, cloth i6s. 

SURVEYING WITH THE TACHEOMETER. A Practical 

Manual for the Use of Civil and Military Engineers and Surveyors, 
including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees. By Neil 
Kennedy, M.InstCE. With Diagrams and Plates. Second Edition. 
Demy Svo, cloth Net los. 6d. 

SURVEY PRACTICE* For Reference in Surveying, Levelling, 
and Setting-out ; and in Route Surveys of Travellers by Land and Sea. 
With Tables, Illustrations, and Records. By L. D'A. Jackson, 
A.M. Inst. C.E. Third Edition. Svo, cloth 12s. 6d. 



SURVEYOR'S FIELD BOOK FOR ENGINEERS AND 

MINING SURVEYORS* Consisting of a Series of Tables, with Rules, 
ICxpljUKitions of Systems, and Use of Theodolite for Traverse Surveying 
and 1 dotting tlic work with minute accuracy by means of Straight Edge 
and Set Square only ; Levelling with the Theodolite, Setting-out Curves 
with and without the Theodolite, Earthwork Tables, etc. By W. Davis 
Masroi.l, C.K. With numerous Woodcuts. Fifth Edition, Enlarged. 
Crown 8vo, cloth las. 

TECHNICAL TERMS. ENGLISH^FRENCH, FRENCH- 

ENGLISH: A Pocket Clossary ; with Tables suitable for the Archi- 
tectural. . ■' "'Tmufacturing, and Nautical Professions. By 

John , .. Fourth Edition, aoo pp. Waistcoat- pocket 

size, liiu)) leather is. 6d. 

TECHNICAL TERMS. ENGLISH-GERMAN. GERMAN- 

ENGLISH: A Pocket Clossary suitable for the Engineering, Manu- 
facturing, and Mining Industries. Compiled by J. G. Hokner, 
A.M.LMech.lC, in collaboration Avith Alkrkd Schi.omann, Editor of 
“ lllustraled d'cchnical Dictionaries in Six Languages.’’ Waistcoat- 
])ocket size \In prefHU’afion. Price about Net 2S. 6d. 

TECHNICAL TERMS, ENGLISH^SPANISH, SPANISH^ 

ENGLISH: A Pocket (.dossary suitable for the F.nginccving, Manufactur- 
ing, and Mining Industries. .l^>y R. D. Mon'J'KVIOri uq li.A. (Madrid). 
316])]). Waistcoat-pocket size, iimp leather Net, •zs, 6d. 

TELEPHONES: THEIR CONSTRUCTION, INSTAL-- 
LaTION, wiring* OPERATpN AND MAINTENANCE. A 
PnicRical Reference Book and (hiide for Electricians, Wiremen, Engi- 
neers, Contractors, Architects, and others interested in Standard Tele- 
lihonc Practice. By W. H. Radclirfic and H. C. Cushing, Jr. 
i8oi)agcs. With 125 Illustrations. Fcap. 8vo, cloth. 4s. 6d. 

TELEPHONES: FIELD TELEPHONES FOR ARMY 

USE: INCLUDING AN ELEMENTARY COURSE IN ELEGTRL 
CITY AND MAGNETISM* By Lieut. E. J. Stevens, D.U., R.A., 
A.M.I.K.K., Instructor in Electricity, Ordnance College, Woolwich. 
CJrown 8vo, cloth. With Illustrations Net zs. 

ET.KCTKtCAl. ClEClirTS -- M AGMiTISM — INPUCTIDN — MlCROl'lIDNK.S AND Rk- 
CKIVKKK-— PoKTAHLE AND ElKI.D 'i'Kr.EJ'HONK SeTS-SeLF-InDUCTION, INDUCTIVE CaFACITV, ETC. 

TELEPHONY. See Wikklkss Telephony and Wipei,ess 
Thlucka'I'iiv. 

THREE PHASE TRANSMISSION. Sec Elkctrical Trans- 
mission OK ENKR(iY. 

TOOLS FOR ENGINEERS AND WOODWORKERS. 

Inc’v.dir.;.” Modern Instruments of Measurement. By Joseph Horner, 
3 ‘.P.., Author of “Pattern Making,” etc. Demy Svo, with 

456 Illustrations Aet 9s. 

Gmnenal Suevkv ofi’ 'rooi.s— T ddl Angles— Chikei. Gkoup- Chisei-s and Afflied Fokjis 
F i)K Wdddwdhkeek— P i.ANKS— H and Chisels and Aitlied Foems for Metal Working— 
ClIISKI.-LlKE '1 ’do3.S for MeTAL TuKNING, PlANING, ETC.— SHEARING ACTION AND SHEARING 
'rooi.K — ICXAMl'LEK OF SCRAl'ING TOOLS—TOOL.S— RELATING TO CHISELS AND SCRAPES— SaWS— 

Fh, 10 s -MiLLiNt; cariTERs- Poring Tool.s for Wood and Metal— Tails and Dies— Percussive 
AND Moulding Tools-Punches, I-Iammeks and Caulking Tools— Moulding and Modelling 
Tools— Miscellaneous Tools— Hardening, Tempering, Grinding and Sharpening, etc., etc. 
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TOOTHED GEARING* A Practical Handbook for Offices and 
Workshops. By J. HORNER, A.M.I.M.E. Second Edition, with a New 
Chapter on Recent Practice. With 184 Illustrations. Crown Svo, cloth 

6s* 

TRAMWAYS: THEIR CONSTRUCTION AND WORK' 

ING* Embracing a Comprehensive History of the System ; with an 
exhaustive Analysis of the Various Modes of Traction, including' Plorse 
Power, Steam, Cable Traction, Electric Traction, &c. ; a Description of 
the Varieties of Rolling Stock ; and ample Details of Cost and Working 
Expenses. New Edition, thoi'oughly revised, and Including the Progress 
recently made in Tramway Construction, etc. By D. Kinnear ClaRK? 
M.InstC.E. With 400 Illustrations. Svo, 780 pp. buckram ... 38s. 

TRUSSES OF WOOD AND IRON. Practical Applications 

of Science in Determining the Stresses, Breaking Weights, Safe Loads, 
Scantlings, and Details of Construction. With Complete Working 
Drawings. By W. GRIFFITHS, Surveyor. Oblong Svo, cloth 6d* 

TUNNELLING* A Practical Treatise. By Charles Prelini, C.E. 
With additions by Charles S. Hill, C.E. With 150 Diagrams and 
Illustrations. Royal Svo, cloth ^ i6s. 

TUNNELLING, PRACTICAL* Explaining in detail Setting-out 
the Works, Shaft sinking, and Pleading-driving, Ranging the Lines and 
Levellii g --.d. :- d. Sub-Excavating, Timbering and the Construction 
of the , A-.. 0“ i o ' unnels. By F. W. SiMMS, M.Inst.C.E. Fourth 

Edition, Revised and Further Extended, including the-most recent (1895) 
Examples of Sub-aqueous and other Tunnels, by D. Kinnear Clark, 
hl.Inst.C.E. With 34 Folding Plates. Imperial Svo, cloth ... ^62 

TUNNEL SHAFTS* A Practical and Theoretical Essay on the 
Construction of large Tunnel Shafts. By J. PJ. WatsoisT fluCK, 
M.Inst.C.E., Resident Engineer, L. and N. W. R. With Folding Plates, 
Svo, cloth ... I as. 

WAGES TABLES* At 54, 52, 50 and 48 Hours per Week. Show- 
ing the Amounts of Wages from One quarter of an hour to Sixty-four 
hours, in each case at Rates of Wages advancing by One Shilling from 
4T, to 55^. per week. By Thos. Garbutt, Accountant. Square Crown 
Svo, half-bound ... 6 s, 

WATER ENGINEERING* A Practical Treatise on the Measure- 
ment, Storage, Conveyance, and Utilisation of Water for the Supply of 
Towns, for Mill Power, and for other Purposes. By Charles Slagg, 
A. M.Inst.C.E. Second Edition. Crown Svo, cloth 7.S. 6d. 

WATER, FLOW OF* A New Theory of the Motion of Water 
under Pressure and in Open Conduits and its practical Application. By 
Louis Schmeer, Civil and Irrigation Engineer. 234 pages, with Illus- 
trations. Medium Svo, cloth \yiist published. Net 1:2s. 6d. 

WATER, POWER OF* As Applied to Drive Flour Mills and to 
give Motion to Turbines and other Hydrostatic Engines. By Joseph 
Glynn, F.R.S., etc. New Edition. Illustrated. Crown Svo, cloth 2s, 



